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Geher al Rem a yks
Naturalpr odu cts ofte n af ord a windo w ofoppo rtun 1tytO Studyimpo rtantbiology･
Va nilloidand c a n n abin oid re c epto rs ar efirstly ide ntified a s m ole c ulartargets of
c aps aicin from chilipepper(Capsicum)a nd A
9
-let, ahydro c ann abin ol fr o mCann abis,
re spe ctiv ely･ Their biologl C al a nd physiologic alr ole shav ebe e n r e v e aled by degr e es,
thatis,they playI mpo rta ntr ole sinin瓜a m m atio n a ndpalm Se n sation.
Ar achido nic a cid(5,8,ll,141eic o s atetra e n oic a cid)(Figur e1)is pr odu c ed by
pho spholipa s eA2thatc atalyz e sthehydr olysI S Ofpho spholipids atthe s n-21PO Sitio n, a nd
is m etaboliz edto eic osa noidsin cludinginna m m atory m ediato rs s u cha spr o staglandin s
a nd le ukotrie n e s. Ther efore, ar a chido nic a cid m etabolis m has be e n u nder a ctiv e
in v e stlgatio nin phar m a c ology, physiology and bio che mistryfo r ov e r3 0ye ars, but
r e m ain stobe clarified.
In this study, Ifo c used on the role s of v anilloidand c ann abinoidre c epto rsin
a ra chido nic a cid m etabolis m in ne uro n al c ells in o rderto cla rify the m e chanis m s
u nderlyinginflam m atio n and pal nS e n s atio nindu c ed by c ar m abin oids and v anilloids.
T hefollo w ingintr odu ctio n sin cludinghistoricalo v ervie w willinviteyo uinto mythe sis
withm u cb 血er e st a nde a sy u nderst皿 ding･
1L Vanilloids andtheir re c eptors andfun ctio ns
The a ctiv eingr edie ntin hot chilipeppe r w asflrStis olated by Thr e sh(1846)m or e
than a c e ntu ry ago･ Thr e sh n am edthis c o mpo u ndc apsaicin andpredicted thatstr u ctu res
ofc aps aicin and v anillin w e re clo s elyr elated･ Despite this e a rlydis c o v e ry,it w as n ot
until 1919that the e x a ct he micalstru ctu r eof c aps aicin w asdete rmined(Figu r e1)
即els o n, 1919)･ T he r e c epto r ofc aps aicin ha s clonedby Cate rin a et al.(1997), andthe n
the char a cteristic s of 也e re c epto r, Ⅴ 皿illoid r e c epto r s ubtype 1(V R l), have be e n
clarifled.
V Rl is a n o n s ele ctiv e c atio n chan n el andis a m ember ofthe tr an sie nt re c epto r
pote ntial(T R P)cha n n el family;pare nthetic ally,ithasbe e npropo s ed thatV R Isho uld
ber e n am ed asT R P V l(Be nh am et al･, 2002)･ V R l is an838 amin o a cidpr oteinthat,in
co m m o n with otherT R Ycha n n els
,
has six tr a n s m e mbr an espa n n lng S egm e nts With a
porelo opbetw e e ndo m ain s丘v e a nd six･ Under r e stl ng C O nditions, the cha m elpo re of
VR l is clo s ed. Whe n activated(the ope n state), V R lallo w stheinnu x ofm o n o v ale nt
and divale ntc atio n s, predo min a ntly Ca
2＋
,
thr o ughthe c ellm e mbra n e. V R l is a ctiv ated
byn ot o nlyv a nilloids s u ch as c aps aicinbut als on o xio u she at(above43
oC)andproto n.
V R l isdistributed in m ainly partic ulartis s u e s(c elltypes), s ubpopulatio n ofprim ary
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Figure1. Che micalstru ctur es ofar achido nic acida nd n atur al and synthetic co mpo u nds thatbindto
c an n abin oidor v anilloidrec eptors
s ens ory n e rv e s s u chasdo rs alr o otganglio n andtrige min alganglio n n e u r o n s. Activ atio n
of V R lr e sults inthe ge n eratio n ofa ctio npote ntialthatindu c e sthe r ele a s e ofs e v e r al
n e uropeptide s s u ch a s c alcito nin ge n e-r elatedpeptide, n e u r okinin A, s o m ato statin and
s ubstan c eP. The m e chanis m sby which v anilloids libe r ate n e u r ot an s mitter s a r e n ot
c o mpletely cle ar. It is
･
po stulated that c aps aicin r ele a s e s n e u r opeptide s via tw o
indepe nde nt m e chanis m s, o n e of which is the a ctio n pote ntial ge n e r atio n･
Depolariz atio n by V R l- m ediated c alciu m influ x a ctiv ate s v oltage
-s e n sitiv e N a
＋
c也a - els a ndv oltage-depe nde ntN -type Ca
2十
cha 皿 els
,
r e s ultinginthe a ctio npote山ial
ge n er atio n. Fu rthe r m o r e, a nin cr e a s edintr a c elular, c alciu m c o n centr atio nle ads to a
fusio n of v e sicle s
,
in which n e u r opeptide s are stor ed, with the plas m a m e mbran e,
re s ulting
,
in e x o cyto sis(for r e vie w s e eSz alla sia nd Blu mbe rg, 1999).
Gu es slngfr o mits char a cte ristic s a nd distributio n s, n u m ero u s studie s o nthe r ole of
V R linpaln Se n s atio nha v ebe e n c arried o ut. Sofar, the r ole s of V R l in paln S e n s atio n
ha v ebe e ngradu ally r e v e aled. Butintr a c el ular e v e ntsin v olv ed in n e u r o n alfu n ctio n s
r e m aintobe u n cle a red.
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2･ Ca nnabinoids a ndtheir re ceptors
'
andfu n ctio n s
The Can n abis pla ntsha v ebe e n usedin Eu r ope sin c e antiquity, m ostlyto c ordage
and fabric, but first attr a cted the atte ntio n of Eur ope an s cie ntists when Napole o n
'
s
tr o opsbr o ughtba ckfr o mEgyptlntrlgu lng a c c o unts Ofitspsychotr opIC aCtivity･ Befわre
lo ng, detailed de s criptio n s ofthe pla nt
'
s pr operties bega nto appe ar a nd Cannabis
e xtra cts wer eintr odu c edtothe m edic alc o m m u nity･ An1848c o m m e nta ry oftheBritish
Phar macopo eia o utlin ed quite a c c u r ately the psychotr opI C e飴 cts of Ca n n abis and
pol nted o utits m erit a s a n a n alge sic a nd a ntlSpa S m Odic. Theinqu lry I nto the a ctive
che mic alconstitu e nts of Ca nnabistu rn edo ut tobe m o retim e c o n s u m lngtha n e xpe cted.
In the midle of 2 0th c e ntu ry, its a ctiv e prin ciple, the te rpe n oid de riv ativ e
A
9
-tetr ahydroc annabinol(Figu re1), w asfl n allydis c o v e r ed fro m Ca n n abis plants(fo r
r e vie w se ePio m elli,2 0 3).
The c a n n abin oidre c eptor, o n which A
9
-tetr ahydr o c a n n abinol acts, w as m ole c ularly
clo n edfr o m r atbr ainin 1 990(Mats uda et al.). Thr e eye ar slate r, an other c a n n abin oid
r e c epto rtha=s lo c aliz ed in im m u n e syste m w a side nti鮎dby s equ en c eho m ology
(Mun r o etal･, 1 993)･ The se c annabin oidr e c epto rs are n a m ed a sCB la nd CB 2r e c epto r,
r espe ctiv ely･ The s eimpr essive flndings pr o videin sightsinto n ot only the a ctio n of
A
9
Jetr ahydr o c a n n abin ol but als o explo ring of e ndoge n o u sligand･ SurprlSl ngly, an
is olated e ndoge n o u sA
9
-tetrahydroca n n abin ol-like fa cto r w a s alipid, r ather than a
peptide･ It w a side nti丘ed asthe a mide of ar a chido nic a cidwi也ethan olamin e, a nd
n am ed an anda mide(Figur e1)afte rthe San skrit w o rd forblis s, ananda(De vane et al. ,
1992)･ In additio n, othe rbio a ctivelipids w er e e xtr a cted 舟o m anim altis s u e s. The s e
in clude 2- a r a chido n oylglyc e r ol, n oladin ether, vir odha min e and
N- ar a chido n oyldop amin e(Pio m eli, 203). Inte re stingly, s e v er ale ndo c an n abin oids s u ch
as a n anda mide c an a ctiv ate n ot o nly c an n abin oidre c eptor sbut als oV R l(Di Mar z o et
al. , 2002).
The psychologic al and physiologic al ef3e cts of c an n abin oidsin hu m an s ar e w ell
kno wn and in clude the fe eling of e uphoria, alte red pe rc eptl O n, S edatio n, impair ed
m e m o ry, effe cts o n m oto rfu n ctio n, an alge sia, anti-e m esis and appetite stim ulatio n(for
re vie w s e eEIphick and Ege rto va, 2001). The s e effe cts atbeha vioral level c o uld be
attributedto a ninter actio n of c ar m abin oids with C B lr ec epto rsin the br ain. C Bl
re c epto rs c o uple with Gpr otein(Gi/.)a nd are distributed m ainlyin the presyn aptic
te rmin als･ Activatio n ofpr e syn aptic C B lr e c eptorsle ads to inhibitio n of ade nylate
cyclas e, a r edu ctio n in CA M P md a de c r e a s ein protein kina s eA - m ediated
pho spbo rylatio n of A-typepota s siu m cba 皿 els･ The c o n s equente血 a n c e m ent ofA -type
c u rr e nts c o uld a c c o u ntfo rtheinhibitory effe cts of c a n nabin oids o n n e u r otr an s mitte r
- 3 -
r ele a s e. A dditio n ally, c ar m abin oids inhibit N -type c alciu m c u rre nts thr o ugh dir e ct
G-pr otein- m ediated inhibitio n of c alciu m cha n n el pr oteins. T hu s, a ctiv atio n of
pr e syn aptic C B lr e c eptorsle ads to inhibitio n of n e u r otr a n s mi仇e r rel a s e via tw o
s epa r ate sign alpathw ays(D i Ma r z o etal. , 1998;Pio m elli,2003).
3. Ar a chidonic a cidm etabolism s
Ar a chido nic a cid is a m ajo r Pr e c u rs or Of n u m e r o u s eic o s a n oids s u ch a s
pr o stagla ndin s a nd le ukotrie n es. Pr o stagla ndin sthat areproduc ed fr o m ar a chidonic a cid
by cyclo o xyge n as e e n zym e sinnu ence inflam m atio n and im m u n e r e spo n s e s. T heir
administr atio n w a sfわundto r epr oduc e the m ajor Slgn S Of inflam m atio n, in cluding
a ugm e nted pain s e n sitivity (S am ad et al. , 2002). Le ukotriene s a r epr odu ced by
lipo xy ge n as efr o m ar chido nic a cid and fu n ctio n as a m odulato r ofinn am m atio n,
alle rgi c a Ctio n s and va s c ularpe rm e ability. Thus, eic o s an oids play animpo rtantrolein
inflam m atio n and allergy. T her efo r e, the regulatio n of pr odu clng O r action s of
eic o s an oidsis veryimpo rtantf♭rtherape utic drugs. Ac c o rdingly, pho spholipas eA2, a
ratel imiting en zym ein ar a chidonic a cidm etabolism , 1S als oimpo rtant as a n ov el
ther ape utic ta rget, bec a u se the synthesis of allthr ee inflam m atory m ediators(the
pr o staglandin s,1e ukotrie n e s andplatelet- a ctiv atingfa ctor)ispote ntialyblo cked bythe
i血ibito n ofpho spholipa seA2.
P ho spholipa s eA2 C atalyz e sthe hydrolysis ofthe middle (sn-2) e sterbo nd of
s ubstr ate pho spholipids. The pho spholipa se A2S a r e adiv e rs e e nzym e s uperf amily
in cluding m oreth an13 differenten zym atic ally a ctiveis ofbrm s(Six and Dennis, 2000).
The se is o e nz yme s ha ve differe nt s ubstr ate spe cificity, pH s e n sitivity, e xpr e s s
.
io n
patte rn s, regulation and subc ellular1oc alization, and ar e cla ssified a c c o rdingto their
stru ctu r e and calci um requlr em e ntS. If it foc us e s o nbiologic al pr opertie s, the
cla ssific ation ofthepho spholipa s eA2is simplifiedtothr e e m aintypes(for r e vie w s e e
Balsinde et al. , 19 9):也e s e c r eto ry pbo spbolipa s eA2, 也e cyto s olicpbospbolipa s eA2
andtheintrac elular Ca
2＋
-indepe nde ntpho spholipas eA2･ The s e cr eto ry pho spholipas e
A2S ar e al low m ole cular m a ss e n zyme s with a v ery rigidtertiary str u ctu r efr o mthe
pr e s e n c e of5-8 disulflde bo nds･ The s e c r etory p?ospholipas eA2S do n ot m anife st
s lgnific antfatty acidsele ctivityin vitr o, but they e xhibita r equir e m e ntfo r millim olar
ca
2 '
･ The cyto s olic pho spholipas eA2is ahigh m ole c ular m a ss e nzym e, fo u ndin the
cytosolic fr action ofpractic ally allc elltype sthat ha v ebe e n studied. The e n zym e
tr an slo c ate sto m e mbr an e sby binding ofintr acellular Ca
2＋
to a c alciu m-lipid binding
CaL B do m ain withinthepr otein. Cyto s olicphospholipa s eA2po sse s se saPr efe r e n c efo r
pho spholipids c o ntaln l ng ar a Chido nic a cid･ The intr a c ellular Ca
2＋
-indepe nde nt
ー 4 -
pho spholipa s eA2is the m o st recehtlyide ntified m e mbersofthe pho spholipa seA2
s uperfamily･ Like the se cr eto ry pho spholipa seA2' theintr a c e1ular Ca
2＋
-indepe nde nt
pho spholipa s e A2 e Xhibits n o appare nt s ubstrate spe cificity fo r ar a chido nic
acid-c o ntaining pbo spbolipids･
4･ Can nabin oids a ndVa nilloids regulateinjla mm ation andpain sen s ation
E Wects ofc an n abin oids a nd v a nilloids o ninn am m atio n a ndpain s e n s atio nhavebe e n
in v e stigated du ring m a ny ye ar s. Ho w e v e r,they ar en otfullyelhcidated andstill in cha o s.
Richardso net al.(1998)repo rtedthatc a n n abin oidsinhibitinna m m atio nrviainter a ctio n
with pe riphe r al C B lr e c epto rsin viv o･ Hu山e r and Bu rstein (1997)reported that
stim ulatio n of CBl r e c eptor indu c e sfわrm atio n of pr o stagla ndin s in m o use
n e ur oblasto m a･ On the othe rh and
,
it is w ell kn own thatintr ade rm al injectio n of
c aps aicininhindpaw ofr atindu c e shype r alge sia(Sz allasi andBlu mbe rg, 1999). Mc v ey
et all (2003)showed that e ndo ca m abin oids s u ch a s an and amide and 2- ar a chido nyl
glyc er ol indu c einn am m atio nin r ats viaV R l. M or e o v er, So uthal et al.(2003)sho w ed
that a ctiv atio n of V R linduc e s rele as e of pr oinflam m atory m ediato r sin cluding
pr o stagl皿din sinhum a nke ratin o cyte s.
Thu s
,
C B land V R lr e cepto rsplay an impo rta nt r ole in the r egulatio n of
inna m m atio n andpaln S e n S atio n･ Ho w e v er,the m ole c ular m e chanism s underlyingC B1-
and/o r V R l-in ediated inflam m atio n ha v e n ot be e n w ellclarified. Fu rther m o r e
,
in v e stigatio n abo utin v olv e m e ntof thepho spholipa seA2has n otyetbe enperfor m ed.
5･ The relatio nbetw e e n c a nnabin oidor v anilloidre c eptors a ndpho sphollPa s eA2
It has n ot be en in v e stigated whether ar a chido nic a cidr ele as e or a ctivation of
pho spholipas eA2isindu c ed by a ctiv atio n of V R l. Sin c e a ctiv atio n ofV R lelictsinflux
of Ca
2＋
into the c ell
,
it is spe c ulated that stim ulatio n of V R la ctiv ates cyto solic
pho spholipas eA2thr o ugha nin cr e a s e ofcyto s olic Ca
2＋
c o n c e ntratio n s.
On the otherha nd
,
s everalgr o ups r epo rtedthatstim ulatio n of C B 1r e c epto rindu c e s
ar a chido nic a cid rele a s e and a ctiv atio n ofpho spholipas eA2. C ha ng et al. (1991)
de m o n stratedthat the addito n of A9-tetr ahydroc an n abin olto ho m oge n ate ofs e a ur chin
spe r m activ ate s pho spholipa s e A2･ Bu stein et al. (1994) reported that
A
9
-tetr ahydr o c an n abin ol elicits ar a chido nic a cid releas e and pho spho rylatio n of
cyto s olicpho spholipa s eA2thr o ughre c epto r- m ediated actio nin m o u s ep rito n e alc ells･
W a rtm a n n et al.(1995)sho w edthat a n and amideinduce s ar achido nic a cid rele a se and
pr o stagla ndin E2 fbm ation in W ト38 1u ng 丘br oblast c ells. In addito n, Hu nter a nd
Bu rstein (1997) sho w ed that stim ulatio n of c annabin oid C B lre c eptor indu c e s
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ara chido nic a cidr ele as ein N 18m ous e n e uroblasto m a c ells. Thu s, the stim ulatio n of
c B 1r e c eptor elicitsthe rele as e of ar a chido nic a cidand a ctiv atio n ofpho spholipa s
e A2,
but the m e cba nis m s a re stillu nkn o w n.
6. Purpo s eQf
-
this study
In this study, I fo c u s ed o nthe r ole s of v anilloid and c aJ m abin oidre c eptorsin
ar a chido nic a cid m etabolis m in n e u r o n al cells in o rderto clarifythe m e cha nis m s
u nderlyinginn am m atio n andpain S e n s atio nindu c edbyc ar m abin oids and vanilloids･ I
u s ed P C 12c els, a r atphe o chro m o cyto ma cell lin e,in thisthe sisthr oughoutPart トⅠⅠⅠ･
p c 12c ells are au sefu 1and w elle stablished m odel fo r studyingn e u r o n alfun ctio n s, a nd
ar e sho wn to e xpr e s sC B lre c epto r･ In addito n, s o m epha rm a c ologlC alr e spo n s e s ar e
induc ed by capsaicin in P C12c e11s･ Fu rthe r m or e, pho spholipa s eA2is fun ctio n aly
e xpr e s s edin P C 12c ellsI Ac c o rdingly' PC 12c ells ar e a s uitable pr epar atio nfo r my
pu rpo s e ofthis study･ In Pa rtI, I in vestigated whether v anilloi
ds and c a n n abin oids
indu c e ar a chido nic acidr ele a se andfo rmatio n ofpr o staglandin sinPC12c ells･ InPa rtII,
I inve stigated whetherV R l is e xpr e s s edinP C 12c ellsto defin ethe effe ct ofc aps aicin,
whichw asobse rv edinPartI. InPartIII,Iin v e stigatedthe effe ct ofC B l
-stim ulatio n o n
w a chidonic a cidm etabolis m u sing H U210(Figu r e1), a s ele ctiv e c a - abin oidago nist,
to re v ealthe m e chanis m s of C B l- m ediateda ctiv atio n ofpho spholipas eA2･ InPartIV,I
sho w ed the V R l- m ediatedphar m a c ologic aleffe ct ofc aps aicin at thele v el oftis s u ein
gu ln e aplg･
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Pa rt I･ Ar a chidonic a cid rde ase and prostagla ndin F2a fo rm ation
indtI C ed by an a ndamide a nd c aps aicinin PC12c ells
i.1. Intr odtlCtio n
An and amide (N- ar a chido n oyl etha n ola min e) w asis olated fr o mthe br ain as an
e ndoge n o u s ago nist of c annabin oid r e c eptors, a nd bio synthetic pathw ays fわr
a n and amide ar epr e s e ntin v ario u stis s u e s(Hilla rd a nd Campbell, 1997;Ho wlettand
Mukhopadhyay, 2000)･ The c a nn abin oid C Blr e c epto r s ar e占Ⅹpre s sedprim arilyinthe
c e ntr aln e Ⅳ o u s syste m(C N S)andthe ca n n abin oid C B 2r e c eptor s are e xpr e ss ed byc ells
oftheim m un e syste m(Hillarda nd Campbell,1997;Ho wletta ndMukhopadhyay, 2000).
P C 12c els, a n e u r o e ndo crin e c ellin ederiv edfr o m r atphe o chrom o cyto m a, ha v ebe e n
u s eda s a neuro n m odel･It w as sho wnthatP C 12c ellspr odu c ed a n anda mide(Bis ogn o et
all
,
1998) andthatthe addito n of an a ndami de at1- 10pM indu c ed apopto sis ofPC12
c ells via a ctivatio n ofc a n n abin oid C Blr e c eptor(Sarke r et al., 2000). It w a s r epo rted
thats e v eralphar m a c ologic aleffe cts of an and amide w e re n ot m ediatedvia c an n abin oid
r e c eptor s･ For e x ample, an a nda mide at co n c e ntr atio n sgr e ate rthan 10pM co uldelicit
an in cr e as ein the intr a c ellular ffe e Ca2
'
c on c e nlr alio n([Ca2
十
]i)le v els in Chin e s e
ha m ste r o v a ry c els, irre spe ctiv e of whetherthe c ells e xpre s s ed c a m abin oidC B lor
C B 2r e c epto rs(Felder et all, 1992, 1993)I An 弧da mide inter a cted w 地 しtype Ca
2＋
chan n els(Shin a su e et all , 1996)andpote ntiatedthe gr o wthinhe m atopoietic celllin e s
via a c a n n abinoidr e c eptors-indepe nde ntpathw ay(Der o cqetal. , 1998). Re c e ntly,it w a s
e stablished that an and amide acted a s apartial or fu llagonistfor c aps aicin-se n sitive
v anilloidV Rlre c epto r(Zygm u ntetall, 1999;Sm artet al., 2000;Olahetal. , 2001).
Caps aicin, one ofthena v orlngI ngredie ntsin chilipepper s, e x cite s s ubpopulatio n of
s e n s ory ne u r o n s(Sz allasi and Blu mberg, 1999;Cate rin a andJuliu s, 2001). Cate rin a et
al･ (1997)reportedthe cloning ofv anilloid V R lr e cepto r, which w a s a n o n s ele ctive
c atio n ch an n el with high Ca
2＋
pe rm e abilty and activ ated by c aps aicin, otherv anilloid
c o mpo u nds,lo wpH a nd n o xio u sbe at･ Ⅵ milloid V R lr eceptor w asfわu ndto e xpre s sin
v ario u stiss u e sin cludingthe C N S(Sz alla si and Blu mberg, 199;Caterin a a nd Juliu s,
2001)･ Inhu m an e mbryonickidn ey293c els e xpr e ssingthe r at v aniloidV R lre c eptor,
both c aps aicin a nd a n a ndamide sho w edthe m a xim al in cr e a s einthe[Ca
2＋
]ile v els at1
pM a nd 10pM, r e spe ctiv ely(Spr agu e et all , 2001)･ In P C 12c ells,how e v e r, c aps aicin at
c o n c e ntr atio n sgre ate rthan3 pM , which alo n e sho w edn o effe cts,inhibited anin creas e
inthe[Ca2
＋
]i levels and dopamin e rel as eindu c edby ac etylcholin e(Naka z a w a et al.,
1994)･ C hoi and Kim(199)als o r eportedthat c aps aicininhibiteda nincre a s ein[Ca
2＋
]i
byblo ckingstore- ope r ated Ca
2＋
e ntryin p C 12c ells. Thus, ithas n otbe e n e stablished
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whetherthephar m a c ologic aleffe cts ofc aps aicin w e r edu eto the activ atio n ofv anilloid
V R lr e c eptorinP C 12c ells･
pho spholipa seA2, the r ate
-limiting e n zym ein ar a cbido nic a cid m etabolism ,
c atalyz es the hydr olysis of pho spholipids at the s n
-2 po sitio n to pr oduc e
lys opho spholipids andpolyu n satur ated fatty a cidsin cluding arachido nic acidthat ar e
the pre c u r s or forpr o stagla ndins, thr o mbo x an e s and a v ariety of othe reic o s anoids
(Le slie, 1 997; Balsinde et all, 1 999)･ Ar a cbido nic a cida nd its m etabolite ssu ch a s
pro staglandins r egulate m any n e u r o n alc ellfun ctio n s(Shimiz u and Wolfe, 190;Lukiw
and Ba z an
,
2000). It &as r epo rted that a ctiv atio n of c an n abin oid r e c epto r sby
an andamide r ele a s ed a ra chidonic a cid in vario u s c ellsin cludingn e ur o n alc ells(Diaz et
al., 1994; Wartm aJ m et al. , 1995; H unter and Bu r stein, 1 997; Chan et all , 1998)･
Ho w e v e r
,
Felde r et al. (1992, 1993)repo rted that c an n abin oid agonists in cluding
an a nd amide stim ulated arachidonic a cidr ele as ethr o ughbothc a m abinoidr e c epto r･ a nd
n o n-r e c eptor- m ediated p血 w ays in 也e s a m e c el ･ In P C 1 2c ells, it has n ot be e n
dete rmin ed whether anand amide a ctiv ate s a r a chido nic a cid relea s e via c a m abin oid
r e
,
c epto rs and/o r via other.r e c epto rs s u ch a s v anilloid V R lr e c ep
to r･ In additio n, the
effect of c aps aicin o nar a chido nic a cidm etabolis m ha s n otbe e n w elle stablishedin
n e u r o n al c els in cluding P C 12c ellsI Her e, w e r epo rt that an and amide stim ulated
a r a chido nic acidr ele as evia c aps aicin-s e n sitiv e r e c eptor s and/o r site s, but n ot via
c arm abin oid C B lre c eptor and v aniloid V R lr e c epto r, in an e xtr a c ellular
cacl2-indepe nde nt m anne rinP C 12c e1s･ The effe cts of an anda mide andc aps aicin w er e
inhibitedby pho spholipas eA2inhibito r s, and a n a nd amide stim ulatedpr o staglandin F2a
fo r m atio ninPC12cells･ Thepo s siblein v olv e m e nt of Ca
2＋
-indepe nde nt m e ch anis m sin
pho spholipas eA2 aCtiv atio nindu c ed by an and amide and c apsaicin in PC12c ells ar e
dis c u s s ed.
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I.2. M ate rials a nd Methods
I.2.1. Materials
[5,6,8,9,ll,12,14,15-3=]Ar a cbido nic a cid (215 Ci/m mol, 7･96 T Bq/m m ol) w a s
pu r cha s ed fr o mA m er sha m(Bu ckingha m shire, U K). An alld amide, capsaicin, ruthe niu m
r ed
, c aps a z epin e, io n o mycin, p-br o m ophe n a cyl br o mide, 1,2二bis(2- a min opheno-
xy)ethan e-N,N,N
'
,N
'
-tetr a a c etic acidtetr akis a c eto xym ethyl e ste r(BAPT A- A M) and
phe nylm ethan e s ulfo nylnu o ride(P MSF)w er epu rcha s edfr o mSigm a(St.Lo uts, MO,
U S A)･ M astopar a n a nd R(＋)-[2,3-dihydr o-5- m ethyト3-【(m ofpholinyl)m ethyl]-pyrrolo-
[1,2,3, -de]-1,4-be n z o x a zin -yl]イトn apthalenyl)- m ethan o n e m e sylate (W IN -55212-2)
w e repu r chas ed fr o m Ba che m(Bube ndo rf, Switz e rla nd) and To cris (Balwin, M O,
U S A), re spe ctiv ely･ N- Pipe ridin o-5-(4･chlorophe nyl)-1-(2,4-dichlo r ophe nyl)4 m ethyl
-3-pyr a z ole- c arbo x amide (SR 141716 A) and m ethyl ar a chido nyl nu or opho spho n ate
w e re obtain edfro m RBI即atick, M A, U S A) and Calbio che m(San Diego, C L, US A),
r e spe ctiv ely･ 1,6-bis(Cyclohe xylo ximin o c arbo nylamin o)hex an e(RHC-8 0267) w as
pu r cha s ed fr o m Ale xis (San Diego, C A, USA). Caps aicin and an a nd amide w er e
diss olv ed in a minim um ofetha n ol
,
and W IN-55212-2 w asdiss olv ed in a minim u m of
dim ethyls ulpho xide･ The s e age nts w er ediluted withbufFe r whe n u s ed･ An e n zym e
im m u n o as s ay kit ofpro staglandin F2a W asPu r chas edfr o mCaym an(CatNo. 516011,
An nArbo r
,
M I
,
USA)･ The vehicle c o ntainingethanolordim ethylsulpho xide(thefl n al
c o n c e ntr atio nl w asle s sthan 1%) had n o effe ct o n ar a chido nic a cid r ele as e a nd
pr o staglandinF2afo rm atio n.
I･212･ Cellc ultu re a ndm ea sure m e ntof{
3
Hjara chido nic a cidrele a se
P C 12c els w er e c ultu red o n c ollage n-c o ateddishe sin Dulbe c co
'
s m odi鮎d Eagle
'
s
m ediu m s up ple m e nted with 5 % fTetal bo vin e s er um and 5 %ho rs e s e ru m, and
[
3
H]ar achido nic a cidrele as efr o mpr elabeled P C 12c ells w a sdetermined a sde s cribed
pre vio u sly(Tha ng et al･, 2000; Mo riet al. , 2001). In brief, PC12c ells o ndishe s w er e
in c ubated with Dulbe c c o's modified Eagle
'
s m ediu m(0.2 % s er u m) and 0.67uCi/ml
(24.7 k Bq/ml)of[
3H]ar achido nic acidfo r24h. Thelabeledc ells w e r edeta6hed fro m
dishe sby pIPetting･ T he c ells w er e wa shed and s u spe ndedin a m odifled Tyr ode H EP E S
buffer(13 7m M NaCl,5 m M K Cl,5 m M glu c o s e, 2 m M MgS O4, 2 m M CaCl2, 20m M
H E P E S(pH 7･4))I Cells u spe n sio ns (3 0-5 0p g pr otein) w e rein cubated with the
in dic ated age nts for3 0min at3 7
oC in the pr es enc e of O･1 % fatty a cid-fr e ebo vin e
s er u m albu min(Sigm a A-7511)･ T he total v olu m e w a s200LLl andthe re action w a s
ter min ated by the addito n of 5 00pl of ic e-c old, Ca
2＋
-
, Mg
2＋
-fr e eTyr ode buffe r
c o ntaining5 m M E D TAand E G TA followed byc entrifugatio n(5,000x g,3 0s)at4
oC.
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T he
3H content ofthe s upern at nt w as e stim ated byliquids cintillatio n spe ctr o m etry･
valu e s w ere c alc ulated as per c e ntage s relativ e to the total in c o rporatio n of
[
3
H]∬a chido nic a cid.
I.2 1 Me a s u re mntofPGF2aform atio nin P C12c ells
co nflue nt p c12cells o n22- m m dishe s(12- w ellplate s) w er ein c ubated withthe
indic ated age ntsfo r30min at3 7
oC inthe Tyr ode H E P E Sbuffer(pH 7･4)c ontaining
o.1 %fatty a cid-fr e e albu min･ The c o ntents ofpr osta
-
glandin F2α in the bufFer after
c e ntr蜘gatio n(1,000× g, 3 0s, 4
oC)w e r edeter min ed using a n e n zym eim mu n o as s ay
kit. A ltho ugh 3 00pM (104LLg/ml) an and amide s olutio n witho ut PC1 2c ells
c r o ss-r e a cted with the kit slightly, 也e c r o s s-reactl Vlty Of a n a nda mide wa slo w･ In
addito n
,
the s ample saRe r stim ulatio n with 3 0pM an and amide w er eas sayed with a
10-fold dilutio n, thu sthe c o nt amin ated 30pM an anda mide didn otsho w a slgnific ant
c r o s s-r e a ctivity.
I.2.4. Statistics
valu e s are me ans j= S.E. M . fo rtheindic ated n u mbe r s(o v e rthre e)of indepe nde nt
e xpe rim e nts pe rfo rm ed in triplic ate a s s ays･ In the c as e of m ultiple
c o mparis o n s, the
slgniflC an C e Of differ e n c e s w a sdete min edu slng O n e
- W ay an alysis ofvarian c efolo w ed
by D un n ett
,
s o rTukey
,
ste st･ Fo rpalr Wis ecomparis o n s, Stude nt
'
stw o-tailedt test w a s
u s ed. P valu e s at< 0.05w er e c o n sider edtobe slgniflC ant.
- 1 0-
i.3. Re stllts
I 1 11 Ananda mide- a nd c aps aicin-stim ulated (
3Hlara chidonic acid relea s ein the
pres e n c e or absenc e ofextracellular CaCl2inP C1 2c ells
First
,
the effe cts ofa n and amide and c aps aicin o n[
3H]ar a chido nic a cidr ele as efr o m
theprelabeled P C 12c ells w e rein v e stigated inthepr e s e n c eof 2m M e xtr a c ellularCaC12
(Figure 2)･ The addito n ofa n a nda mide stim ulated[
3H]arachido nic a cid rele a s ein a
c o n c e ntr atio n-depe ndent m a n n e r;the effe ctindu c ed by a nand amide ap pe aredto be
m a xim al at3 0 pM (Panel A). Caps aicin stim ulated[
3H]ar a
J
chido nic a cidr ele as ein a
c onc e ntr atio n-depe nde nt m an n er;the efe ctsindu c edby lOOand 200･pM c aps aicin
w e re s m all but signific a nt, and 300pM c aps aicin m arkedly stim ulated the r ele as e
(Pa n el B). An a nda mide a nd
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c o ntaining etba n ol didn ot stim ulate
[
3
H]ar a chido nic a cid r ele as e. The
addito n of 3 00pM PMS F(an
inhibito r of fatty a cid amide
hydr ola se) had n o efFe ct o n
an and amide- and c aps aicin-indu c ed
ara chido nic acid rele as e sin P C 12
c ells(data n otsho w n).
Figure2. Ananda mide- a nd c aps aicin -indu c ed[
3H]arachido nic acidrele as ein P C 12cells. T helabeled
P C 12c ells weredetached &o mdishes and w ashedthreetim esby c entrifugatio n withthe CaCIT&ee
Tyrode H E P E S buffer･ In P an els C a nd D,the cells werefurtherpretre ated with 20pM B A P T A- A M
for10min in the abse nceofextrac ellularCaCl2, a nd w ashed by ce ntrifugation withthe CaC12-fre e
buffer. For m eas ure me nt of[
3
H]ar achidonic acidrelease, c ells w erein c ubated for30min withthe
indicated c o nce ntration s or an a nda mide(Pan els A and C) and capsaicin(pan els B a nd D)in the
pr es en c e(o)or absenc e(＋)of 2mM CaCl2･ E G T A(0.2 m M)w asfurther addedtothe ass ay mixture.
V alues are m eansj= S･E･M ･ for4 indepe nde nt e xperim e nts do n eintriplic ate･
a P<0･05, significa ntly
differe ntfrom the v aluewitho utan a nda mide or c aps aicin･
b p<o･o5
,
signific antlydiffere ntfro mthe n et
in cr eas eby capsaicininthe abs en ce of CaC12.
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It w a s r eportedthatP C12c ells e xpre s sedc an n abinoid C B lre c eptors(Sarker et al･ ,
200; W ang et al., 2 000). Ho w e v e r, the additio n of 100pM W IN-55212-2, a s ele ctiv e
and pote nt ago nist for c a r m abin oidre cepto rs(Pe rtw e e, 2 001), had n o effe ct o n
[
3H]ar a chido nic a cidr ele a s e;the v alu ew a sO･5j= 0･2 %(n -3), which w as similartothat
withv ehicle. Tre atm ent with 2 0LLM SR141 716A, a s ele ctiv e antago nistfo r c a nnabin oid
C B lr e c eptors(Pertw e e, 2001), didn otinhibit a n and amide- and c aps aicin-stim ulated
[
3H]ar a chido nic a cidrele a s e s(data not sho wn)･ Caps a z epin e and r uthe niu m r ed w er e
sho w ntobe a c o mpetitiv e a nd a n on-c o mpetitiv e antago nistfo r v a nilloid V R lre c epto r,
re spe ctiv ely(Sz al asi and Blumberg, 1999)･ Ho w e v e r, t e atm e nt with1 0a nd 100pM
c aps a z epln e fo r 10 min rathe r e nhan c ed than inhibited c aps aicin
-stim ulated
[
3H]ara chido nic a cidr ele as einP C 12c ells. Tre atm e nt with1 00LLM r uthe niu m r ed fo r1
hinhibiteda n and amide- a nd capsaicin-stim ulated[
3
H]ar achido nic a cidrele as e, but the
tr e atm e nt als oinhibitedbas al[
3
H]arachido nic a cidr ele as e witho utstim ulants m arkedly
(data n otsho w n).
In the e xtr a c ellularCaC12-fr e ebuffe r c o nta ln lng 0.2 m M E G TA, the addito n of
an a nd amide signi丘c antlystim ulated[
3H]ar a chido nic a cid r ele a s e, altho ughthe effe cts
w er ele s stha ntho s einthe pr e s e n c e ofCaC12(Figu r e2, Pa n el A)I Similarly, 200a nd
300pM c aps aicin signifl C antlystim ulated[
3H]ar a chido nic a cidr ele a s einthe abs e n c e of
CaCl2, altho ughthe effe ct w as m u chle s sthanthatinthepr e s e n c e ofCaC12(Pan el B)I
Ne xt
,
w etr e ated P C 12c ells with 2 0pM B A P TA- A M(a c elトpe rm e able chelato r of
ca2
'
)for10mininthe abse nc e ofe xtra c ellularCaC12,tO further r edu c e[Ca
2'
]ile v els
in P C 12c els (Pan els C and D). In B A P TA- A M-tr e ated P C 12c ells, ba s al
[
3H]ar a chido nic a cidr ele as ein the abse n c e ofCaC12 W a s m arkedlyle s sth an thatinthe
pr es e n c e of2 m M CaC12･ The additio n of an and amide fr o m1 00to 3 00LIM and
c aps aicin at200and 3 00pM signifi c antlystim ulated[
3H]ar a chido nic a cidr ele as efr o m
the B A P TA- A M-tr e ated PC12c ellsin the abs e n c e ofCaC12. The s efl ndings s ugge st that
an and amide- andc aps aicin -stim ulated[
3H】ar a chido nic a cidr ele as e s w e r e n otdepe ndent
o n an e xtr a c ellular CaC12, altho ughthe r ele a s e sinthe abs e n c e of CaC12 W erele s sth an
血o s ein 也epr e s e n c e ofCaC12･
I.3.2. Enha n c e m e nt ofionomycin- and m a stopara n-stim ulated{
3
Hjara chidonic a cid
rele a s eby a n a nda mide a nd capsaicinin P C 12c ells
Ne xt
,
w ein v e stigated the effTe cts of an anda mide and c aps aicin o niono myc ln
- and
m a stopar an-stim ulated[
3
H]arachido nic a cidr ele a s efr o mP C 12c ells･ As pr evio u sly
r eported(Mur aya m a et all , 195; Moriet all, 2001), addito n of5pM ioムo mycin alo n e
stim ulated[3H]ar a chido nic a cidr ele a seinthepre s e n c e of2 m M CaCl2(Figu re3)･ The
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Figure3. Enhan c e m e nt of ion o mycin -stim ulated[
3
H]ar achido nic acidrele as eby an a nda mide a nd
c aps aicin in P C12c ells. The labeled P C 12cells w ereinc ubated for30 min with the indicated
co nc entr ation s ofa n anda mide(Pan el A)and c aps aicin(Pan el B)in thepr ese n ce of 2rnM CaCl2. T he
assay mixture w asfu rther s upple m ented with v ehicle(o)or5 pM io n o mycin(○). Valu es are m e ans 土
S･E･M ･ for 4 indepe nde nt experim e nts don ein triplicate.
a P<0.Ol, s lgnifica ntly differe nt fro mthe
v alue witho ut a n anda mide or c aps aicin ･
b
p<o･o1, s ignific antlydiffere ntfro mthe estim ated additv e
v alueby caps aicin a nd io n omycln .
additio n of100pM an a nd amide appe ar edto e nhan c ethe r el as ebyio n o mycl n. T he
additio n of1 OOand200pM c aps aicin e nhan c edio n o mycin -stim ulated[
3
H]ar a chido ni占
a cidrelea se(Pan el B);the rele as e stim ulatedbyio n o mycininthepre s e n c e ofc aps aicin
w as syne rgistic allyhigher c o mpar ed withthe e stim ated additiv e v alu eby c o mbin atio n
ofthe tw o age nts. The[
3
H]ar a chido nic a cid r ele a s eindu c edby the c o mbin atio n of
an and amide(200o r300pM)or300pM c aps aicininthepies e n ce of5トtM io n o mycin
w as similartotho s ewithoution o mycln.
M astopar an, a w asp v eno m peptide, stim ulated[
3H]ar a chido nic a cidr ele as eby
a ctiv ation ofcyto s olic pho spholipase A2 in the abs e nce of CaC12 fr o mP C 12c ells
(Tha ng et al., 2 000). In addit o n, in the pr e s e nt sttldy, m a stopa r a n stim ulated
[
3H]ar a chido nic a cidr ele a s ein a c onc e ntr atio n-depe nde nt m an n e r, a ndthe E D 5 0v alu e
of m astopar a n w a s17.03士_0.29pM(n-3)(Figu re4)･ TheE D 50v alu e s ofm a stopar an
inthe pr es e n c e of 100pM an a nda mide and 20 0LLM c aps aicin w e rell.87j= 0.85 and
8.8 0j= 0.96pM (n -3), re spe ctiv ely;both valu e s w e re signiflC a ntlylo w er(P<0.05)tha n
that with m astopara n alo n e. The m a xim al rele a s e s of[
311]ar a chido nic acid indu c ed
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Figure 4･ Enhan ce m e nt of m astopar an
-stim ulated
[
3
軸 r achido nic acidrele as eby a n andamide and
caps aicinin P C 12c ells. Thelabeled P C 12cells w er e
inc ubated for3 0min withtheindicatedc on ce ntration s
or m astoparanin the abs en ce ofe xtr acellular CaC12.
The assay mixture w asfurther supple m e nted with
vehicle(○), 100pM a n andamide(A E A, ○) and 200
pM c aps aicirl(C A P, A). Valuesare m ea ns士 S.E. M .
for4 indepe ndent experim e nts do nein triplic ate. T he
[
3
H]ar achidonic a cid rele aseinduc ed by 10 pM
m astopar anin the prese n ce of 200pM capsaicin w as
slgnific antly syn erglStic c o mpared withthe estim ated
v alu eby a c o mbin atio n of m astoparan a nd c aps aicin
(♪<0.05),
by the c o mbin atio n of m astopar an and an aJldamide/c aps aicin w e re similarto that
indu c ed by3 0トM m astopar an alo ne.
Pr evio u sly, w e r epo rted that the additio n of Na3V O4 alo n e stim ulated
[
3
H]ar a chido nic a cidr ele a s e andthatNa3V O. syn ergistic allye nhan c edio n o mycin- and
m astopa r an-indu c ed[
3H]ar a chidonic a cidr ele a s e(Mo ri et al. , 2 001). Inte re stingly,
n either an and amide n o r c apsicin enhan c ed5 m M Na3V O4-Stim ulated[3H]ar a chido nic
a cidrele a s e(Table 1)･ These flndings s ugge st that an and amide and c aps aicin sho w ed
stim ulato ry effe cts o nio n omycl n- a nd m a stopar an- , but n ot Na3V O4- , Stim ulated
ar a chido nic acidr ele asesin P C 12cells.
I.3.3. Irrev e rsible eHects ofananda mide a nd c aps aicin o n{3H}ara chido nic a cid rele a s e
inP C 12c ells
Ne xt w e m e a s u red[
3
H]ar achido nic a cidrele as efr o m an and amide-tre ated P C 12c els
(Table 2). The r elea sefro mP C 12c ells prein c ubated with 300pM a n a nd amidefo r30
min and w a shed by ce ntri fugatio n w as signific antly highe rthan that fr o m the
n o n-tr e ated (control) P C12c e11s. T he [
3
H]ar a chid?nic a cid r ele a s e fr o m
an a nda mide-tr e ated cels w a s similartothe r ele as e stim ulatedwith 3 00pM a n a nd amide
fr o mthe c o ntr ol clells･ The additio n of3 00pM a n a ndami de o r c aps aicindidnot sho w
an additiv e stim ulatory effe ct o nthe rele a s efr o mthe a n and amide-tr e ated c ells. T he
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Table l･ Not enha n ce m e nt of Na3V O. -;tim ulated[
3H]arachidonic acidreleaseby an andami de and
c apsaicininP C 12c ells
A dditio n
[
'
H]Arachido nic acidrele ase(% oftotal)
No ne 5 mM Na3V O4
No ne
An andami de(100pM)
An anda mide(200ト【M)
Caps aicin(3 00pM)
1.0士 0.1
4.1士 0.5
a
7.9土 0.7
a
9.2j=0.5 a
l.4 士 0.2
3.3 士 0.5 a
6.3 土 0.8a
7.l上 o.4 a
Thelabeled P C 12cells w ereinc ubated for30 min with vehicle, 100and 200pM a n anda mide,3 00pM
c aps aicin and/or5 m M Na3VO4 in the prese n ce of 2m M CaCl2. Values are m ea ns 土 S.E.M . for4
in depe nde nt e xperim e nts do n ein triplicate･
a
P<0･01, slgnific antly differe nt fr o mthe v alue witho ut
agents.
Table 2･ Irrev ersible stim ulation of[
3H]ar achidonic acidrele aseby an a nda mide and caps aicinin P C1 2
c ells
A dditio n
[
3
H]Ar achido nic acidrelease(% oftotal)
Co ntroI An a ndami de･tre ated Caps aicin-tr e ated
No ne
An anda mide
Capsaicin
M astopara n
1.3士0.2
5.9土1.O
a
3.5士 0.6a
5.4士 0.8
a
5.9j=0.8 a
6.1土 0.5
4.Oよo.2
6.5 士 0.4
5.8 士 0.6
a
4.5 土 0.5
5.0 土 0.6
7.4 土 0.4
T helabeled PC 12 c els w ereinc ubated with v ehicle(c o ntrol),3 00LIM an a ndami de or3 00pM c apsaicin
for3 0mininthe abs en c e of CaC12･ The cells w ere w ashedtwicewiththe buffer witho utage nts, andthe n
in cubated for3 0min for m e as ure m e ntof[
3H]arachidonic acidrele aseinthe abs?ne e of CaC12･ T he ass ay
mixture w asfurther s upple m ented withv ehicle, 300pM a na nda mide, 3 00LIM caps aicin or20pM
m astopar an. Thetotal inc orporated a m o u nts of[
3H]ara chido nic acid inthe c ellstreated with ana nda mide
a nd c apsaicin w ere similarto thatin the c o ntr olc ells･ Valu es are m e ans 土S･EIM ･ for3 independent
experim e ntsdon eintriplic ate･
a
P<0･05, significa ntlydiffer ent&o mthe c o ntr olv alue witho utagents.
effe ct ofc aps aicin w as als oirr e v e rsible, asthe[
3
H]ar a chido nic a cidrele a sefrom the
3 00pM c aps aicin -tr e ated P C1 2c ells w as m arkedly highertha nthatfr o mthe contr ol
c ells･ The addito n of 3 00いM an and amide o r c aps aicin did n ot stim ulate
[
3H]ar a chidonic a cidrele as e any m o refr o mthe c aps aicin -tre ated P C 12c ells. Altho ugh
20 pM m a stopar an slightly stim ulated [
3
H]ar achido nic a cid r ele a s efro m the
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Table3. E ffe cts ofphospholipaseA2inhibitors o n an anda mide- a nd caps aicin -stim ulated[
3H]arachido nic
a cidrele aseinP C1 2cells
A ddition
[
3
H】Ara cbidonic acidrele ase(% ofc ontr ol)
Co ntro1 50トLM BP B 2 0ドM M A F P
An a nda mide(300p･M) 100
Caps aicin(300pM) 100
M astoparan(20トLM) 100
49
.6士 2.6
a
43.6士 5.2
a
52.7土 7.5
a
61.7士 l.O
a
44.8士0.7
8
n otdeter mined
The labeled P C 12c ells w ereprein c ubated with v ehicle(c o ntr ol), 50pM p-br o m ophe n acyl bromi de
(B P B)or20pM m ethylar achido nyl 伽or opho sphorlate(M A FP)or v ehiclefo rlO min. The w ashedc ells
w ere stim ulated withtheindic ated age ntsfわr3 0mininthe abse n ce of CaC12. T he s a m e c o nc entr atio ns of
pho spholipaseA2 inhibitors w erefurther ad ded to the ass ay mixture. Valu es are n or m aliz ed as
perce ntages of[
3
H]ar achido nic acidr ele aseinduc ed by the indic ated age nts fr o mthe n o n-tr e ated
(c o ntr ol)cells･ Valu es are m e an sj=S･E･ M . for4 independe ntexperim ents do n eintriplic ate. The abs olute
v alu e s of【
3
H]ar achidonic acidrele as e(% oftotal)w ere0.6士 0.2(v ehicle),5.5土 0.3(a n anda mide),3.4土
o.3(c aps aicin) and 6.0j= 0.8(m astopar an), respe ctively. The bas al[
3H]ar achidonic acidrele as eswitho ut
the stim ulantsinthe c ellstreated withphospholipas eA2inhibitors w ere si mi lartothatinthe c o ntrolc ells.
a
P<O101, s lgniflC antlydifferent舟o mthe v alu ewi tho utphospholipas eA2inhibitors･
an and amide- and c aps aicin-tr e ated P C 12c e11s, the effe cts w er elimited and n ot
slgni丘c a山 .
I.3.4. Ene cts ofpho sphollba s eA2inhibitors o n ananda mide- a nd c aps aicin -stim ulated
{
3
Hja r a chido nic a cidr ele a s ein P C 12cells
Pre vio u sly, w e r epo rtedthat tr e atm e nt with 50トLM p-br o m ophe n a cyl br o mide, a
n o n spe ciflC C O V ale nt- m odifying pho spholipa s eA2 age nt (Balsinde et al., 1999),
inhibited m astopar an- stim ulated[
3
H]ar achido nic a cidr ele a seinP C12c ells(Thang et al.,
2000). Thetre atm e nt with 5 0トIM p-br o m ophe n a cylbr o mide signific antlyinhibited n ot
o nly 2 0pM m astopar a n- but als o30 0トIM an anda mide- and c aps aicin-stim ulated
[3H]ar achido nic acid r ele a s ein P C 12c ells (Table 3). Methyl ar a chido nyl
且u o r opho spho n ateis apote山 inhibito r ofcyto s olic pho spholipas eA2(Balsinde et al.,
199)･ Thetr e atm e nt with 2 0pM m ethylar a chido nyl 叫or opho spho n ate pa rtially, but
signi丘c a ntly,inl1ibited 3 00LLM a n and amide- a nd c aps aicin -stim ulated【
3H]ara chido nic
a cidr ele a s e. T he higher c o n c e ntratio n s ofm ethyla r a chido nylnu o r ophosphon ate did
n otsho w a signific a ntlyhigherinhibito ry effe ct(data n otsho wn),
- 16-
Table4
･
Increasein prostagla ndin F2a for m atio nby ananda mideinthe m ediu m ofP C12cellc ulture
In cre as einpr ostaglandinF2a(Pg/dish/3 0 min)
Non e 15.3 土 l.S
An a nda mide(looLLM) 69.8j=10.0 a
An a nda mide(3 00pM) 568 3士 75.7且
P C 12cells o n22- m mdishes w ereinc ubated inthe Tyr ode H E P E S buffer co ntainingO･1% bo vin e s er u m
albumin(fatty a cid-freegrade)for30min wi thv ehicle or an and mi de. T he co nte nt ofprostagla ndin F2α
inthebuffer witho utP C 12cells w as u nderthedete ctio nli mit(<8pg/rn1). Valu es ar e m e a nsj=S.良.M . for
4 indepe nde nt experim e nts do n ein triplic ate･
a P<0･0 1, s lgnific antlydifferent fr o mthe value without
an anda mide.
I13･51 In cre a s einpr o staglandin F2a .fo r m atio nbya n a nda midein P C 12c ells
Ar a chido nic a cid is m etaboliz edto pr o staglandin s and other m etabolite sin c ells,
andthe n r el a s edto the c ulture m edium ･ Ne xt
,
w e m e as u r ed the pro staglandin F2a
fo r m atio ninthe m edium for30 min after stim ulatio n ofP C 12c ells withan a ndamidein
thepr es e n c e ofCaCl2(Table4)A The addito n of100 and30 pM an a nd amide m a rkedly
stim ulatedpro staglandin F2a fo rmatio n･ In pr elimln ary e xperim e nts, 300ドM c apsaicin
didnotstihulatepr o staglandinF2αfor m atio ninP C 12c ells. T he re a s o n s ar e n ot cle ar at
Pre s e nt.
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l･4･ D is c u s sio n
I.4 J. Chara cteristic s ofara chido nic a cidr ele a s ebyan a ndamidein P C12c ells
An and amide ha sbee n e stablished a s an e ndoge n o u s eic o s a n oid with m oder ate
aff inityfo rboth ofthe c a n n abin oid C B la nd C B 2r e c epto r s, altho ugh a n anda mideis
functio nalyineffective at c an n abin oid C B2 r e cepto r s(Ho wlett and Mukhopadhyay,
2000;Pertw ee, 2001). It w as r eportedthat c an n abin oids and an a nd amide stim ulated
ara chidonic acidr elease andits m etabolitesfro m va rio u s c ells(Dia z et al. , 1994;Felder
et al. , 192, 193; Wartm ar m etal., 195;Hu nte rand Bu rstein, 1997;Chan et al., 1 998).
Wartma m et al.(1995)reportedtheinvolv em e nt ofc ann abin oidre c epto rs c o upledto
pertu sisto xin-s e nsitiv eG TP-binding pr otein s o n a ctiv atio n ofcyto s olic pho spholipas e
A2indu cedby an a nd amidein W I-38hum anfeta1lu ngfibrobla sts. In n e u r o n alc ells,
c ar m abinoids sucha s anandamide stim ulatedar achido nic a cidr eleas e via a ctiv atio n of
c an nabin oidrec epto rs(Hunter and Burstein, 19 97; C han et al. , 1998). In the pr e s e nt
study, w esho wedthat an and amide at con ce ntr atio n sgr eate rthan 100トLM stim ulated
ara chidonic acidrele ase(Figu r e2)andpro staglandin F2α fo r m atio n(Table4)in P C 12
cels. Altho ugh an anda mide at 1-10LIM indu ced apopto sis via c a n n abin oid C B l
r e c eptorsin P C 12c ells(Sarker etal. , 200;W ang et al. , 20 0), ar achido nic a cidrelease
indu c ed by an and amide didn ot appear to be due to a ctivatio n ofcan nabin oid C B l
recepto r s. The re a s ons w er e:1)highco nc entration sgreaterthan 100ドM ofan and amide
w er er equir edfo r[
3H]ar achido nic acidreleas e, 2)W IN-55 212-2(100pM), an ago nist
for c an abin oidr e ceptors, didn ot stim ulate the rele a s e, and 3) S R141716 A, an
antagonistfo r c arm abin oid C B1re c epto r, didnotinhibitthe effectof an and amide.
As m e ntion ed in Se ctio n 1, it w as r eported that an a nd amide sho w ed vario u s
pha rm a cological effe cts in cluding an in cr ea se of [Ca
2'
]i levels in c ar m abinoid
re c eptor-independent m a n n e r･ In additio n, A
9
-tetr ahydr o can n abin ol produ ced an
inc re as ein the[Ca
2'
]ile v els alle a st pa rtially via ca nn abin oid r e c eptor-independe nt
m e chanis msin D D T IMF-2s mooth m u scle c els(Filipe a nu et al., 1997). Ho w eve r, the
effect of an and amide on [
3H]arachido nic acid releas e w a s obs er ved in the
B APTA -A M-tre ated P C12 c ellsin the abse nc e of CaC12. K is s(1999)repo rtedthat
an and amide stim ulatedpho spholipa se D a ctlYltyandthu spr odu c edpho sphatidic a cidin
P C12 c els, althoughithasn otbee ndete rmin ed whethe rthe effe ct of an a nd amide w as
血ediated by c an n abin oid re c eptors o r n ot. Pho sphatidic a cidca n be degraded to
1,2-diacylglycer ol, andthu shydr olysIS Of1,2-dia cylglyc e r ol by dia cylglyc e r o1 1ipas e
c an stim ulate ar achido nic acid r ele a s e. Bu rstein et al. (1 994) repo rted that
c ar m abin oid-indu c ed ar a chido nic a cid r ele a s e o c c u rr ed thr o ugh a ctiv atio n of
pbo spholipas eD, dia cylglyc e r ol lipas e a ndprotein kin as eC in m o u s ep rito n e alc ells.
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Howev er, w epr e vio u slyrepo rtedthat the additio n10fphorbol 12- myristate 13- a c etate,
which a ctivatedpho spholipas eD a ctivityin PC12 c ells(Kiss, 1999), sho w ed n o effe ct
o n[
3H]ar achido nic a cid r ele a s ein P C1 2c els(Mu r aya m a et al., 1 995). In addito n,
tre atm e nt with 10 pM dia cylglyc e r ol lipa s einhibito r(R H C-802 67)did n otinl1ibit
ar a chido nic a cidr ele as eindu c edbya n andamide(data n otsho wn).
T he c a n n abin oidre c epto r-indepe nde nt effe ctsindu c ed by a n anda mide m aybe du e
to the stm ctu r al similaritie s betw e e n ar a chido nic acidand a n a nda mide a nd its
hydr ophobicity･ An a nda mide a nd ar a chido nic a cidinhighe r c o n c entr atio n s o v er10pM
pro m oted a nin cr e as ein m e mbr an enuidityin syn apto s o m e s(Blo om et al., 1997). In
addito n, c aps aicin is ahydrophobic age nt be c a u s ethe str u ctu r eofcaps aicin is an
acylamide de riv ativ e of ho m o v anilic a cid (8- m ethyl-N -v anilyl-6-n o n e a mide).
Ho w e v er, [3H]ar a chido nic a cid rele as e sindu c ed by a n anda mide a nd c aps aicin
de c r e a s ed by i血ibito rs of pho spholipa s eA2, aS des c ribed belo w. In addito n,
an and amide and c aps aicin show ed stim ulato ry effe cts o n[3H]ara chido nic a cidrele as e s
indu c edbyio n o mycin a nd m astopar an,butn otbyNa3V O4･ The s efl ndings s ugge stthat
the effe cts of an and amide andc apsaicin w er e n otdu eto m e mbr an epe rtu rbatio n andthe
exchange with fattya cidsinthe s n-2po sitio n ofpho spholipids･
I･ 4･2･ Stim ulation ofara chido nic a cidrele a s ebya n a nda mide a ndc aps aicinin va nilloid
VRlr ec eptor-indepe nde nt m a n n erinP C12c els
An a nda mide w a s sho w nto a ct a s 皿 agOnistfわr c aps aicin-s e n sitiv e v 皿illoid V Rl
re c epto rinthedo rs alr o otganglia n e ur o n s and in cells e xpre s slngr e C O mbin antv a niloid
V R lre c epto r(Zygm u nt et al一 , 1999;Sm a rtet al一, 2000;01ahet al., 2001). Pr e vio u sly,
Naka z a w a et all(194) and Choi andKin(199)repo rtedthephar m ac ologic aleffe cts
ofc aps aicinin P C 12c ells･ Sin c e n ot nly an and amide but als o c apsaicin stim ulated
[
3
H]ar achido nic a cidr ele as efr o mP C 12c ells(Figu r e2),itispo s siblethat an and amide
stim ulate sthe r ele as e via a ctiv atio n of c aps aicin-s e n sitiv e v anilloid V R lr e c epto r.
Ho w e ver, the pha rm a c ologic al char a cte ristics ofc aps aicin(and an and amide)respo n s e
in the pr es e nt study w er equite differe nt fro m tho s e of clas sical v a nilloid V R l
re c eptor- m ediated r e spo n s es(Sz alla si and Blu mbe rg, 1999;Cate rin a andJuliu s, 2001).
Firstly, c aps aicin r equired higher c o n c e ntr atio n sgr e ate rthan 100pM to stim ulate
[
3H]arachido nic a cidr ele a s einP C 12c ells, altho ughtheE D 50v alu e s ofcapsaicininthe
v anilloidV R lr e c epto r- m ediated r espo n s e sin the s e n s o ry n e u ro n s w e relow er tha n1
pM(Szalla si and Blu mberg, 1999;Cate rin a and Juliu s, 2001). Se c ondly,the effe cts of
c aps aicin and an a nda mide in P C 12c ells w e r e, at le ast partially, indepe nde nt of
e xtr a c ellularCaC12. Caps aicin and a n anda mide stim ulated[
3H]ara chido nic a cidrele as e
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fr o mB A P TA- A M-tr e ated P C 12c ells
,
and e nhan cedthe r elea s eindu c edby m a stopa ra n
inthe abs e n c e of CaC12･ Thirdly, c aps a z epln e, an antagOnistfo r v anilloidV R lr e c eptor,
did n ot inhibit but e nh an c ed c aps aicin-stim ulated [
3
H]ar a chido nic a cid rele as e.
A ltho ughtr e atm e nt with l OOトLM ruthe niu m r ed inhibited the effe cts indu c ed by
c aps aicin a nd an a nda mide,theinhibitory effe ct ofr uthenium reddo e s n ot appe artobe
du eto the inhibitio n of v anilloidr e c epto rsbe c a use the bas al[
3
H]ar a chido nic a cid
r ele as e w asinhibited m arkedly byr山he niu m red. In addito n, mtheniu m r edis kn o w n
to sho w v ario u s e飴ctsin cluding cha nge sini仙 a c ellula rCa
2十 hom eo stasis(He n zia nd
MacDer m ott
,
1992)I Fo u rth, the effe cts of c aps aicin a nd an and amide o n
【
3
H]ar a chido nic a cidr ele a s e w e re n ot m difiedin a cidpH;the r elea sesinthebuffers at
pH 5･0 and 6･5 w e r e similartothatinthe n or m al buffe r(pH 7.4, data n otsho wn), T he
re spo n s e s ofv anilloid V R lr e c epto rby c aps aicin and an and amidein c ells expre ssing
r e c o mbin a nt v anilloidV R lr e c epto r w e re e nhan c ed inthelo wpH buffe r(Sm art et al.,
2000;01血 et al. , 2 001;Spr agu e et al., 2001). The s e丘ndings suggestthat ana nda mide
and c aps aicin stim ulated[
3H]ar a chido nic a cidr ele a s e via adistin ct m ann er丘o mthe
clas sicalv a nilloid V R lre c epto r- m ediated m e ch anis min P C 12c ells. Pha rm ac ologlC al
e vide n c e s ugge sted the e xiste n c e of v aniloid r e c epto r subtype s with distinct
′
char a cteristic s(Ac s et al., 1997), andho m ologs ofv aniloid V R lr e c epto r w er e clo ned
(Su z ukiet all , 1999; Caterin a et al. , 1999). Othe r s ubtype s ofv anilloidr e c eptor or
an and amide- and c aps aicin-s e n sitiv e target pr otein(s) m ay e xist with coupling
m e cba nis m sto ar a cbido nic a cidr ele as einI)C12c els.
I.4.3. Sub妙es ofpho sphol申a se A2for a r a chidonic a cidrele a s eby a n a nda mide and
c aps aicinin P C1 2c ells
More than 10differ e ntgr o ups ofpho spholipa s eA2 enZym e Sha vebe en de scribed
(Leslie, 1997;
,
Balsinde et all
,
1999)･ T he m ajo rity of the s e e nzym e s, s ecr etory
pho spholipa s eA2S, appe ar ed n ot to be r egulated by r e c eptor a ctiv ation, wher e as tw o
gr o ups, cyto s olicpho spholipa s eA2(gr o upIV) and Ca
2'
-independe ntpho spholipase A2
(gr o up VI), ar e s ubje ct to r egulatio nby r e c eptor stim ulatio nby e xtr a c ellular signals.
se cr eto rypho spholipa s eA2S r equ ir eCa
2＋
at milim olar con c e ntr ationsfo rits a ctiv ation.
Du eto Ca2
＋
-indepe nde n cy, the effe ctsindu c ed by an and amide and capsaicin we r enot
du eto a ctiv atio n ofs e cr eto ry pho spholipas eA2Sin PC12c ells, althoughthe e n zym es
w e re e xpres s ed inp C 12c els(Mats u z a w a etal. , 196;Ohs a w aetal., 2002).
cyto s olic pho spholipas eA2 is r egulated by Ca
2＋
･ at ap pr o xim ately mic r om olar
c o n c e ntr atio n s andits pho sphorylation by v ario u skin a s e s
･
,
both 如er e regulated by
r e c epto r a ctiv atio n(Le slie, 197;Balsinde etal., 199;Hirabayashi and Shimiz u, 2000).
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In the pr e s e nt study, an andahide- a nd c aps aicin -stim ulated [
3
H]ar a chido nic acid
r ele as e sinthepr e s ence of CaC12 W e regre ate rtha ntho s ewitho utCaC12(Figu re2). The
addito n of lOOand 20 0けM c aps aicin syn e rglStic ally e nha ncedio n o mycln -Stim ulated
[
3
H]ar a chido nic a cidr eleas einthe pre s e n c e ofCaCl2(Figure3). Both an a nd amide and
c aps aicin shi鮎d the c on c e ntr atio n-depe nde nt c u r v e of m a stopara n, which a ctiv ated
cyto s olic pho spholipa s eA2 in P C 12c ells(Thang et al., 2000), to theleft witho ut
changingthe m a xim al re spon s ein the abs e n c e of CaCl2(Figu re4). Tr e atm e nt with
m ethylar a chido nyl nu o r ophospho n ate, apote ntinhibito rbfcyto s olicpho spholipas･e A2
(Balsinde et all, 1999), de c re ased [
3
H]ar a chido nic a cid rele a s estim ulated by
an and amide and c aps aicin(Table3)･ Tre atm e nt withp･br o m ophe n a cyl br o mide, which
inhibited m a stopar an-stim ulated[
3
H]arachido nic a cidrele a s epr obably via cyto s olic
pho spholipa s eA2 a Ctiv ation (Thang et all, 2000), als oinhibited the r ele a s esby
an anda mide and c aps aicin in P C 12c e11s･ T he s efl ndings s ugge st that an a nd amide and
c aps aicin stim ulate ar a chido nic a cidrele ase via cyto s olicpho spholipa s eA2 a Ctiv atio nin
P C12c ells.
Although a m aJO rfun ctio n ofCa
2十
-independe nt pho spholipa seA2 is to m ediate
pho spholipids re m odeling, the e n zym e s a re s ubjected to a ctiv atio n by the
r e c epto r- m ediatedsign alingsyste m andm ay play o也e r r ole s(Win ste adet al., 2000). In
the pr e s e nt study, the effe cts ofc apsaicin and an and amide o n[3H]ar a chidonic a cid
r ele as e wらr eca2
＋
-indepe nde nt atle a stin pa rt･ Methyla ra chido nyl nu o r opho spho n ate
w a s sho - to i血ibitboth cyto s olic a nd C㌔
＋
-indepe nde nt pho spholipa s eA2S, 皿d
p-br o m ophen a cylbr o mideis a n o n spe ciflCinhibito r ofphospholipa s eA2(B alsinde etal. ,
1 999)･ Thus, the po s sible in v olv e m e nt or C㌔
＋
-indepe ndent pbo spholipas eA2 0 n
an anda mide- and caps aicin-stim ulated ar a chido nic a cidrele aseinPC12c ells re m ain sto
bedete min ed.
I･4･ 4･ Pr oble ms to be s olv ed and po ssible mecha nis m sfor a ctivatio n ofcytos olic
phosphollPa s eA2by a n a nda mide a ndc aps aicinin P C 12cells
ln c o n clu sio n
, the pr e s e nt flndings sho w ed that an anda mide and caps aicin at
c o n c e ntr atio n sgr e ate rthan100トLM stim ulatedar achido nic acidr ele as ein PC12cells,in
c a n n abin oid C B lr ec epto r- and v anilloid VR lr e c eptor-indepe nde nt m arm er. As
m e ntio n ed in the Se ctio n1, it w as r epo rtedthat an and amide and c apsaicin athighe r
c o n c e ntratio n s c a u sed v ario u spha rm a c ologic aleffe ctsin c an n abin oidr e c epto rs- and/o r
v anilloid V R lre c epto r-indepe nde nt m an n e r(Felder et al., 192, 1993;Nakaza w aetal. ,
1994;Shim as u e et all, 1996). Caps aicin at c o n c e ntr atio n sgr e ate rthan3 0pM inhibited
the a ctivitie s ofCa2
'
charm elsfo r c apa citativ eCa
2'
e nlryin P C 12c ells(Choi andKim ,
- 21-
199 9) and 山rkat T- c els(Fis che r et all , 2001)･ The e xiste n c e ofthetr a n sport syste m s
andthe m etabolis m(ordegr adatio n)pathwaysfbr an and amideha sbe e n sho w nin s o m e
c elsin cludingP C 12c ells(Bis ogn o et al. , 198;Hw a ng et al･, 2000;De Petr o c ellis et
al. , 2 00 1), altbo ugb 血e syste m s a nd/or pathw ays fわr c叩 S aicin ha v e n ot be e n w ell
e stablished. The s e m ay e xplain the pharm ac olgic al effe cts indu c ed by higher
co nc e ntr atio n s of an anda mide and c aps aicin, altho ughthe addition of300卜M P M SF
(an inhibitor offatty a cid amide hydrola s e)had n o effe ct o n ana nda mide-indu c ed
arachido nic a cidin P C 12c ells. Re s e archin the tr an spo rt and m etabolic syste m s of
an anda mide a nd c aps aicin willbe n e ededto further e xplo r e a nd v alidatethebiologic al
effe cts ofan a ndamide and c aps aicin.
The ad dito n of an anda mide and c aps aicin didn ot sho w an additv e stim ulato ry
effe ct either o nthe an and amide- o r c aps aicin-tr e atedP C12c els(Table 2)I Co- additio n
of 300pM c aps aicindidn otsho w an additve eqe ct o n30 0pM an and amide
-stim ulated
[
3
H]ar a chidonic a cid r ele a s e(data n ot sho wn)･ The s eflndings s ugge st thatthe r eis
c o m m o na nd/or similar pr o c e ssin ara cbido nic a cidr ele a s eby a n a nda mide a nd
c aps aicinin P C 12c ells. Re c e ntly, Hu wiler et al･(2 001)repo rtedthat s o m ecer amide s
ha vinglo ng- chainfattya cidsbo undtightlyto the Ca
2＋
-depe nde ntlipidbindingdo m ain
ofcyto s olicphospholipas eA2 anda ctiv atedthe a ctivityin vitr o･ Sin c e an and amide has
an ar a chidonyl- m oiety and c aps aicin has ana cylchain in their stru ctu r e, both age nts
m ay r e a ct with thelipid binding do m ainin cyto s olic pho spholipas eA2 and stim ulate
ar a chido nic a cidr ele a s einP C 12c ells.
An other po s sibility is the r egulatio n of cyto s olic pho spholipas eA2 a ctivity by
pho spborylatio nbya n a nda mide a nd c aps aicin･ Pr e vio u sly, w e r epo rtedthatNa3VO4, a
ge n eralinhibito r of pr otein tyr o sin e pho sphata s e s, stim ulated[
3
H]ar a chido nic a cid
r ele a s e and pr o staglandin F2α fTo rm atio n, and e nhan c ed io n o mycl n
- and
m a stopar an- stim ulated [
3
H]ar achido nic a cid r ele a s e via a ctiv atio n of cytos olic
pho spholipas eA2in PC12c ells(Mo riet all, 2001)･ LikeNa3V O4, both a n a nda mide a nd
c apsaicin stim ulated[
3H]ar a chido nic a cidr ele a se&o m B A P TA- A M-tr e ated PC12c els,
and e nhanc ed m a stopar an-stim ulated[
3
H]ar a chido nic a cidr ele a sein the abse n c e of
cac12(Figur e s2 and 4). An and amide aJld c aps aicin didn ot e nhan c eNa3V O41indu c ed
[
3
H]ar achido nic a cidr ele as e(Table 1)･ Thu s, it is pr obable that an a nd amide and
c aps aicin activate cyto s olicpho spholipas eA2in asimila rpathw ayindu c ed byNa3V O4
in PC12 c ells. Fu rthe r studies c o n c e rm ng the subtype s ofpho spholipa s eA2 andits
sign al tran sdu ctio n pathw ay(s) for ar a chidonic a cidrele a s e a nd the physiologic al
r espo n ses stim ulated by an and amide and c aps aicin in P C 1 2c ells are c urrently l n
pr ogr e s sin o urlabo r ato ry･
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Pa r七Ⅰ耳･ Expr e sio nofva
'
nilloid V R lre cepto rin PC1 2c ells
‡Ⅰ.1. Ⅰmtr odⅦctio m
Caps aicin, the prl n CIPal punge nt ingredie nt of hot chili peppe rs, e x cite s
s ubpopulatio n of s e n s o ry n euro n sby ope n l ng a C atio n cha n n el, v a nilloidr e c epto r
s ubtype I(V R l) (Caterina et all, 1 997;Sz allasia nd Blu mberg, 199). V R l is als o
a ctiv ated by lo w pH･ n oxious he at, a nd other v a nilloid c o mpo u nds s u ch a s
re sinifer ato xin (Sz alla si and Blu mbe rg, 1999). M any
L
sludies ha ve confir m ed the
pre s e n c e ofV R ltran s c ripts and VR Ipr oteinin c aps aicin-s e n sitiv e n euro n sin cluding
do rs al r o ot ganglio n n e u r ons(To min aga et all 1998; Szalasi and Blumberg, 1999;
Co rtrightet al･ , 201)･ AlthoughVRlispr e s e nt m ainlyin n o ci eptiv e sens o ry n e u r o n s,
V R l is als ofo u ndto e xpr e sin v arioustiss u es and e u r o n s othe rthan s e n sory neu r o n s
(Ac s et al一, 1 996; Sz alasi and Blu mbe rg, 1999; Schu m a cber et al., 2000). Re ce nt
r e s e ar che s c o nfir m edthe pre s e n c eofV R lmRNAin v ario u s regl O n S Ofbr ain s u ch as
c er ebellu m
,
c o rte x
,
(Sas a m u r a et al.,
n e u r o n s-indepe nde山
n e u r o n s. Pre vio u sly,
striatum , midbr ain, olfacto ry bulb, hippo c a mpu s, and thalam us
19 98)I The s e regio n s of br ain in clude prim ary s e n s o ry
n e u r ons, suggestlng that VR l is widely e xpre s s ed in v ario u s
w e r epo rtedthat the injectio n ofc aps aicininto the late r al and
fo u rthc er ebr o v e ntricleindu c edga stric a cids e cr etio nin adult an e sthetiz edr ats(M in o w a
et all
,
20dl). M arin elliet al.(2002)de m o nstratedthatc aps aicin a ctiv ate sgluta m ate rgic
syn aptic tr an s missio n in the r at lo c u s c o er ul us. Rec e ntly, it w asfo u nd that
N- ar a chido n oyトdop amin e, an e ndoge n o us substanc e de rived 舟o m dop amin e, c an
a ctiv ate V R l in the br ain(Hu a ng et al., 2002). The s eflndings indic ate that V R l
e xpr e ss ed in c e ntr al n e Ⅳ o u s syste m has a･c ertain r ole in the r egulatio n of
n o n- n o ci eptiv e effe cts. Ho w e v er,littleis kno wn abo ut the r ole and/orthe e xiste n c e of
V R linthepe ripher aln o n- se n s ory n e u r o n s.
Naka z a w a et al.(1994)sho w edthat c aps aicin atc onc e ntr atio n s above3 pM inhibits
depolariz atio n- and ac etylcholin e-indu c ed dopa min e r el as e sin P C12c ells, a r at
phe o chr o m o cyto m a c ellin e. Pr e vio u sly, w erepo rtedthatc aps aicininduc es ara chido nic
acidrele as e(So m eya et al. , 2002), and Choi and Kim (1999)reportedthat caps aicin at
c o n c e ntr atio n s abo v e3 0トLMinhibits anin cre as e ofintr a c ellular c alciu m c onc entr atio n s
([ca
2十
]i)bythapsigarginin P C 12c ells. Ho w e v er, the pha m a c ol gicaldata 鮎 m thes e
studie s s uggest that the c aps aicin r e spo n s e sdo n otap pe artobe m ediated byVRl･ Ithas
n otyetbe e ndete min ed whetherV R lm R N Aa nd V R lpr otein are e xpre sedin P C12
c ells. In this study, w e re v e al dthat V R lmR N Aand V R Ipr otein are e xpre s sed in
p c 12c ells
,
a ndthatc aps aicinindu c e s ani cr e as ein[Ca
2＋
]iViaV R la ctivation.
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II.2. M ate rials a nd Methods
II.2.1. Materials
caps aicin and c aps a z epin e w;repurchas ed fr o mSigm a(St･ Lo uis, M O, U S A)･
Thapsigargin and n e rv egr o wth fa cto r w e repu r chas ed fr o m W ako (Osaka, Jap an)･
Bradykinin w aspu rcha s edfr o mPeptideIn stitute(Os aka,Japa n)･
II.2.2 Cells a ndAnim als
p c 12c ells were c ultu r edo n c ollage n- c o ated dishe sin Dulbe c c o
'
s m odified Eagle
'
s
m ediu m(D M E M)supple m e nted with 5 %fetalbo vin e s e r u m(F B S) and 5 %ho rs e
s e ru m
,
and m aintain ed u nder5 % C O2 at37
oC, a sde s cribedpr e vio u sly(So meya et all,
2002). In s o m e e xp rim e nts, c els w e retr e ated with n e rv egr o wth factor at the
c o n c e ntr atio n of50ng/ml fo r2daysbefo r ethe as sayin D M E Mc o ntain lngl % F BS･
M ale W istar r ats(Takas ugiExp. An im als, Sait am a, Japan)w eighing250-350 g w er e
u s ed. Anim ale xperim e山s w er epe rf♭m edin a c c orda nc e withthe Guiding Principle s
forthe Car e and Use of Labo r ato ryAnim als, appr o v edbytheJapan es ePhar m acologic al
So ciety.
II.2.3 Re v ers etra ns cription -polym era s e chainre a ction(R T- P C R)a n alysis
Total R N Aw asprepar ed 丘o mP C 12c ells u sing T R Ir e age nt(Sigm a, 1 ml/1 00m m
dish). Total RNA (2.5 p g) w a s r e v er s e-t an s cripted in a mixtu r e containing
oligo(dT)12-18prim er a nd s叩e rS Cript r e v e rs etr a ns criptas e(Pr o m ega, Madis o n, W I,
U S A). P C Rw as c arried o utin a25plr e a ctio n v olu me c o ntaining2･5 plofa CD N A
mixtu r e
,
1 × Exp and high-fidelitybuffer･c o ntaining2 m M MgC12, 200pM e achdN T P,
o.2LLM e a chprim e r, and1.7 Uof Taq D N Apolym eras e(Takar aShuzo, Shiga, Jap an)･
The D N Aw asden atur ed for10min at95
oCpr10 rtO e a ch P C Rcycle of 95
oCfor1 min,
55oCfo r1 min, 72
oCfo r1 min
,
follow ed by 7 min at72
oC befo r e r efriger atio n･ For
p c Ramplific atio n, w e u s ed theprim e rsfo r r atV R landP- a ctin asfollo w s: V R Iprim er
s et(se n s e :5
'
- GAC A T G CCA CC C AGC AGG -3
'
, and antis e n s e :5
'
- T C A AT T C C C
A C A C A C C T CCC-3
'
,
the e stim ated siz e ofthetr an s cript w as265 bp(Mezey et all,
2000), andβ-a ctin prim e r s et(s e n s e :5
'
- T G CーC C A T CT A TG A G G G T T A C G-3
'
,
and
antis e n s e :5
'
- TAC AA CCA T T T G CGG T G C A C G-3
'
,
the e stim ated size ofthe
tr 皿 S Criptw a s650bp). The n u mber ofcycle s s el ctedfわr ea chprim e rpair w asfわundto
pr odu c e alinearrelatio nbetw e e ntheinputR N Aandthe re s ultingP C Rpr odu cts･ The
P C Rpr oducts w ere a n alyz ed by ele ctr opho r e si o nl･5% agar o s egel a nd vis u aliz ed
u nde rU V lightwithethidiu mbr o mide.
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II.2.4 We ste r nblotting
P C 12c ells a nd the m edulla oblongata a nd the midbr ain of r a上 br ain w e re
ho m oge niz ed u sing gla s s- Teno n
㊨ ho m oge niz e rwith Tyr ode H E P ES buffer(13 7m M
NaCl･ 5 m M K Cl,5 m M glu c o s e, 2 m M MgS O4, 2 m M CaCl2, 0･1 m M phe nylm ethyl
s ulfbny川 u o ride, 20m M H E P E S(pH 7.4)). They w er e c e ntr血gedat5 0× gfわr2 min,
and the s upe rn at nts w e refr a ctio n ated fわr total hom ogen ate fra ctio n. Ea ch total
ho m oge n atefr a ctio n w asfu rthe r c e ntrifuged at15,000× g at4
oCfor30 min, the nthe
s upe rn at nts w er efr a ctio n atedforthe cyto s olicfr a ctio ng, a ndthe pellet r es olv ed with
Tyr ode H EP ES buffer w a sfr a ctio n ated fo rthe c rude m e mbr an efra ctio n s. In s o m e
e xperim e nts, c ells w er elysed with Trito nlysis but?fe r(50 mM Tris, 100 m M NaCl,1
m M EGT A, 5 m M Na3VO4, 5 m M NaF, 1 %Trito nX -100, pr ote as einl1ibito r c o cktail
(Ro che Diagn o stic s)), andthis whole c ell1ys ate s w e re u sed for an alysis. Samples w er e
de n atu red ands epar ated by s odiu m dode cyls ulfate十pOlya cryla mide gelele ctr ophore sis
follo w ed bytr an sfe rringtopolyv lnyliden enu oride m e mbr an e. Afte rblo cking withTris
buffe reds alin e(1 0m M Tris, 1 00m M NaCl)c o ntaining0.05% Tw e e n-20fo r1 h, the
m e mbr a n e s w e rein c ubated with r abbit a山i- V R I N-te min al a ntibody (Cbe mico n,
Te m e c ula, C A, U S A;dilutedto1:400)orgo at anti･V Rl antibody(Santa Cr u zBiote ch. ,
Santa Cru z
,
C A
,
USA; diluted to 1:2 00), and the n a nti-r abbit IgG ho rs e r adish
pe r o xidas e-linkedspe cie s-spe cific whole antibody(Am e rsha m, Bu ckingha m shir e, U K;
dilutedtd1:2000)or anti-go atlgGhor s e r adishpe r o xidas e-1inked antibody(Santa Cru z
Biote ch.), r e spe ctiv ely. In s o m e e xperim e nts, blo cking peptide(Sa nta Cr uz Biote cb.)
w a sin c ubated together with the prl m a ry antibody at s am epr otein-c o n c e ntr atio n s.
Per o xidas e w a sdete cted bycbe milⅥmin e s c e n c e u singa nE C Lsyste m(Am e rsba m).
II.2. 5 Im m u n o cyto che mistry
lm m u n o cyto che mistry w as c o ndu cted asde scribedpr e vio u sly(Ju ng et al., 2002)
withs o m e m odific atio n s. P C 12c ells w er e s e eded o ngla ss-botto m dishe s c o ated with
c ollage n. Afte r c ells w er ein c ubatedfo r24 h, c ells w er e w ashedbriefly withpho sphate
buffe red s alin e(P B S) co ntaining 0.05 % bo vin e s er u m albu min. Subs equ e ntly, c els
w e refixed with P B Sc o ntal nlng1O %par afo r m aldehydefor10 min atr o o mtemper ature,
a nd the nin cubated with P B Sc o ntaining 0.1 % Triton X -100for 5 min at r o o m
temper atu r e. Cells w e r e w a shed brieny, a nd blo cked with PBS containi ng2 % bo vin早
s e r u m albu min for 1 hat r o o mte mperatu re. Rabbit antiこV R I N-terminal a ntibody o r
go at anti- V R lantibody w a s u s ed forprim ary a ntibody, a ndAle x afluor488(Molec ular
Pr obe s, Euge n e, O R, U S A)w as u s edfわrthe s e c o ndary a ntibody･ In s om e exper血 e nts,
blo cking peptide w a sincubated together with the prl mary antibody at s a m e
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pr otein-c o nce ntr atio n s. A鮎rin c ubatio n withs e c o ndary a ntibody, c ells w er ein c ubated
with pr opidiu miodide(Sigm a)fo r n u cle ar stairlingifn e eded. Cells e xpre s sing V R I
w er e vie w ed with a ninve rted c o nfo c al las e r s c arming mic r o s c ope(Olympu s, Tokyo,
Japa n).
II.2.6 Tr an sfe ctio n ofantis ens e oligode oxyn u cle otide
O ligode o xyn u cle otide s w e retr a n sfbctedtoP C 12c ells u s l ngjetP EIc atio nicpolym e r
tr a n sfe ctio n r e age nt(Polyplu s-tr a n sfe ctio n, Illkir ch
'
cede x
,
Fr a n c e) a c c ording to its
pr oto c ol. Cels s e ededo n c ollage n- c o atedglas s-botto m eddishe s w e r etr e ated with 2ドg
oligo n u cle otide s fo r 48 h, a nd the n a s s ayed by im m u n o cyto che mistry.
P ho spho r othio ated a ntis e n s e oligode o xyn u cle otide(Pr oligo Japa n, Kyoto, Japan)fo r
V R Iw a s20- m er5' -A A G C TA GC CCGT TGT T C C A T-3'
,
which w a s c o mple m e ntaryto
bas e s＋1to ＋20ofthe ratV R lmR N A
,
and c o ntr ol mis s e n s e olig de o xyn u cle otide w a s
5I - C C C TGA T T C C C C G G A T T T C T+3'(Tb bda et al. ,2 001).
II.2. 7Me a s u re m entof{Ca
2＋1iinP C1 2c ells
【ca2
＋
]iin PC12c ells w er e m e as u r ed asd s cri bedprevio u sly(Ne m oto etal. , 2003).
Flu o r e s c e n c e r e adings w e r etake n with a spe ctrophoto m eter(H ita chi F-25 00, Tokyo,
Japa n).
I .2.8 Statistic s
Valu e s ar e m e a n s土 S.E. M . oftheindic ated n u mbers ofindepe nde nte xperim e nts. In
the c as e ofm ultiple c o mpa ris o n s, the slgnific a n c e of differ e n c e s w a sdete r min ed u sing
o n e- w ay an alys IS Ofva rian c efouowedbythe Bonfe rr omite st. In s o m e c a s e s, an alysis
w a spe rfo rm edbyu singthepair edi-test. P valu es at <0.05 w er e c o n side redsignific ant.
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II.3. Re s ults
Fir st
,
w epe rfo rm edR T-PCR an alysistodete ct V R ltr an s criptsin P C 12c ells. V Rl
m R N Aw a sdete cted inP C 12c ells at the e xpe ctedbas epair(265bp)(Figur e5,P an elA,
uppe rp 弧 el). Ratbr ain w as u s ed fわr po sitiv e c o ntr ol. Altho ughtheinte n sity ofV R l
band in P C 12c els w as w e ak rthanthatin r atbr ain
,
a cle arband
〆
w a sdete ctedinPC12
c ells. Theinte n sitie s ofP- actin mRNAsinboths a mpl甲 W e r ealm o占tthe s am e(Figu r e5,
Pa n el A
,
lo w e rpa n el). B ands w er e n ot dete ctedin s a mple s witho utthe r e v er s e
tr an s cripta setre atm e nt(data n ot sho wn). Ne xt, w e e x amin ed V R le xpre s sio n at the
pr otein le v el by We ste r nblotting a n alysts u si ng a nti-VR I N-te r min al antibody
(C he mic o n). V R lpr otein(appr o xim a土ely10 k Da)w as e xpre s s edin 也e m e mbr a ne,but
n otin the cyto s olic, fr a ctio n sin the r atbrain(Figu r e5, Pa n elB). In P C12c ells, the
pr otein w a s e xpr e ss ed w e aklyinthe cyto s olicfr actio n andstr o nglyin the m embr an e
fr a ctio n(Figur e5, Pa n elB,lan e s3 and4). The m ole c ular size of VRlin PC12c ells
w a s s am e asthtin r atbr ain. We c o nflr m edthe e xpres sion ofV RIpr oteininPC12c ells
u sing an other anti-VRl antibody(Santa Cru zBiote ch) (Figur e5, P an el C)･ The cle ar
(A)
80 0-
芝OOI
700 -
6 &0I
(即
V Rl-
1`
P C1 2 鞄t brain
･ 2 85
ⅣRl)
～ 6$O
(P･ a c伽)
3 4
C M C 帆
Rat brain
(C)
(k Da) Co ntro一
潤:
80-
M P C 1 2
P C 1 2
＋ blockingp8P.
～
-V Rl *
糊
M P C1 2
Figure5･ Dete ctio n of V Rlm R N Aand protein in
P C 12c ells. (A)Total R N Aw asis olated 舟o m P C 12
c ells(lan e2) and rat br ain(la ne3) a nd r unin the
pres en ce ofre vers etr anscriptas e. T he mR N A le v els
w er e a n alyzed by P C R(35cycles)u singthe prim ers
forV R l(upperpan el) andβ- a ctin(lo w erpanel)･ M:
m arker(la ne1).(B)Ho m ogen ates&o m r atbrain(lan es
1 a nd 2)and P C 12c ells(la ne;3 and 4)were separated
intothe cytosolic(C;lan es1a nd 3)and membr an e(M;
lan es2 and 4)&actio ns. V RIprotein w asdetected by
Weste rn blotting a n alysis with VRI N
-ter min al
antibody(C he mico n:A B5 889).(C)W hole celllysates
w ere applied f♭r a n alysis･ V R lprotein w asdetectedby
the V Rla ntibody(Sa nta Cru zBiotecb∴ sc-12498)
with(right) and without(left)the blo cking peptide･
T he pr otein c o n centr ations w er elOO鵬/la ne･ M:
m arker. T hes e aretypic alresults fr o m3 indepe ndent
experim ents･
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Figure 6. Im m u n o cyto chemical
analysュs Of V Rl proteiJl e xpressed in
P C1 2cells. Native PC1 2c ells(A-E),
a ndthe c ellstra nsfle Cted with misse n se
(F) or antisens e(G) oligo nucle otides
for VR I were inc ubated with(A -C,
E - ”)orwitho ut(D)prim ary anti- V R l
a ntibody･ ln PanelfI, PC12ceus w e re
differe ntiated withJlerV egr owth factor
(the im age of differ e ntial interferen c e
c o ntrast (D IC) w as sho w ¶ in the
middle). A nti･ VRl antibodie s fro m
Sa nta Cr u z Biote ch and Che mic o n
w ere us ed in P an els A, CIE a nd Pan els
B, F -tl, re spectively, T he barsindic ate
20llm(A, B, D- H)o r10llm(C)･
single ba ndat appr o xim ately1 00 k Da w a sdete cted in whole c el1ys ates of P C 12c ells,
which m ole c ular siz e w asin agr e e m e nt withthe siz e ofr atV R l(Ku zhika ndathilet al.,
2001)･ In additio n, a V Rl ba nd w as n otdete cted inthe pr e s e n c eofblocking peptide.
Cle ar singleba ndat appr o xim ately100kDa w as als odete ctedinthe r atbrain(data not
sho w n).
To fu rther c o nfir m the e xiste n c e of V R l
,
w eperfo r m ed im m u n o cyto chemic al
a n alysュs With c o nfbc al la sersc a n n lng micr o s c ope･ V R トim 皿 u n O re a CtlVlty W asdete cted
asgre e nstainingin P C 12cels(Figur e6, Pa n els A - C). Pr opidiu miodide w as u s edfo r
n u cle ar staining(red)I T hedistributio n of V R Iw as mainlyo npla s m a m e mbr an e a ndin
cytos ol, a nd n otin n u cle us. A lm o st s a m edistributio n ofV Rl in P C 12c ells w e re
obs e r v edbytw o a nti-V R la ntibodie s(Figu r e6, P an els A a nd B). V R la ntibody w a s
o mitted fro m the stain ing Pr o c edu re sto v erify the spe cificity ofthe stalnlng. No
im m u nolabelling w as obser v ed inthe s e c ells(Figure6, Pa n el D). In additio n,tr e atm e nt
of blo cking peptide als ode c re a sedthedete ctio nle v elof V R l-im m u n o r e a ctivity(Figure
6, pan el E)･ Tr an sfe ction ofa ntis e n s e oligo n u cle otide ofV Rl de cr e a s edthe e xpre s sio n
ofV R Ic o mpar ed withthe c ontrolc ellstr a n sfe cted withthe mis s e n s e olig n u cle otide
(Figur e6, PanelsF andG). Pan elH sho w sV Rl-im m u n ore a ctivityin c ellstre ated with
5 0ng/mlne rvegr owthfTactorfor2 days. Altho ugh V R Iw a s als o e xpr e ss ed in n e urite, a
rem arkabledife r e n c ein c ellulardistributio n of V R Iw as n ot bs e r v ed byn er v egr o wth
fa ctor-tr eatm e nt.
The addito n ofc apsaicin at c o n ce ntratio n sabove 100pM incr e as ed[Ca
2十
]iin a
c o n c e ntr atio n-depe ndent m ann e r(Figu r e7, Pa n els A a nd F). Caps aicin indu c ed a
tr a n sie ntin creasein[Ca
2'
]ifollo w edbys u stain ed ele v atio n, aspre vio u slyr epo rted fo r
c ells e xpre s singV R l(Hir ota et al., 2003)･ T he c aps aicin r e spo n s e w as n ot obs e Ⅳ edin
the CaC12-free buffer(Figure 7, Pan elB)and w asinhibitedby c aps a z epin e, a V R I
s ele ctiv e antago nist(Figu r e7, P an el C). T he data are s u m m arizedin Pan elF･ We
e x a min edthe effe cts ofbr adykinin(10トLM, c o- addit o n), n e rv egr o wthfa cto r(5 0ng/ml,
2 days)andlo w pH bufFe r o n c aps aicin-indu c ed in c re a s ein[Ca
2＋]i. Ho w eve r, the s e
tr e atm e nts didnot cha nge the c aps aicin r e spo n s e. Pr e vio u sly, C hoi a nd K･im (1999)
repo rted that c apsaicin inhibited thapslgargln- Se n sitiv e sto r e- ope r ated Ca
2＋
e ntry ln
pc 12c els. We c o nflrm ed their r e s ults; the s u stain ed [Ca
2'
]i le v el indu c ed by
thapsigargin w a sinhibited by3 00LLM c aps aicin(Figu re7, Panel D)I Pr etr e atm ent with
300pM c aps aicin, which alo n eindu ced atr an sie ntin cre a s ein[Ca
2'
]i, abolishedthe
in c re a s ein[Ca
2十
]ibythapsigargin(Figu r e7, Pa n el E).
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Figure7. Capsaicin
-indu ced in cre ase of[Ca
2'
]ilev elsin P C 12cells･ P C 12cells w ere su spended in
c o ntrol buffer c o ntaining1.8 m M CaCl2(Pan els A and C-E)orin CaC12- Beebuffer(P an el B)I Age nts
su ch as caps aicin(Cap)w ere added attheindic atedtim e･ In Pan el C, 100pM c apsa zepine(C P Z)w as
added at theindic atedtim e, and then300pM c apsaicih w as added. (D)T he cells weretre ated by
thapsigargin(5pM), andsubsequ entlyby3 00pM c aps aicin･(E)Caps aicin(3 0pM)w as us edtotr e at
cells 2 min beforethe addit on of 5pM thapsigargin(T G). Ty picala ndreprese ntative respon s es ar e
shown in P an els A-E. Qu antitativ e an alyses ofc aps aicin r espo n ses w ere sho w nin Pan el F･ The data
show net in creas esinduc ed by the indic ated c o nc entr atio ns of c aps aicin (o), and 3 00pM
caps aicin
-indu ced in cre as esinthepr ese n ce ofc apsa zepin e(A)and inthe Ca
2＋
- &e ebuffer(.)I Valu es
are the m e ans士 S.E.M . of 3-5 independent e xperim ents･
a
P<0･01, s lgnific antly differe ntfro mthe
v ehicle-tr e atedgr oup･
b p<o･o1, s ignificantlydiffere nt &o mthe c o ntr olgr o uptreated with300pM
c aps aicin.
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ⅠⅠ.4. Dis c tlSSio n
ln this study, w e e xa min ed whethe rV R l is e xpre s sedin PC12c ells. The V R l
tr a n s c ript and its pr otein weredete cted at the e xpected siz eby R T-P C Rand We ste rn
blotting an alysIS, r e SPe Ctively･ By We ste r nblotting andim m u n o cyto che mic al an alys IS,
the e xiste n c e ofV R Iw a sdete cted m ainlyinthepla sm a m e mbr 弧 ein PC12c ells. The
addito n ofc aps aicin elicited atr an sie ntin c r e asein[Ca
2＋
]ile v elin P C 12c ells. The
r e spo n s e w asinhibited by c aps a z epl n e, and w a snot obs e rv edin the abs e n c e of
e xtr a c ellularCaC12. Sin c e[Ca
2'
]i r elu m ed to the ba s al lev el abo ut 3 min a触r the
c aps aicin additio n, a nd c apsaiein didn ot c a u s ela ctate dehydroge n as el akage atle a st
fo r30 min(data n ot sho wn), the effe ct of c aps aicin w as notdu etothe n o n spe cific
and/o rto xic effe ct.
In thedo rsalr o otganglio n n e ur o n s andthe V Rl-tr an sfe cted cells, c aps aicin at1 -
10 pM o r at m u chlo wer co n c e ntr atio n s c a u sed V R lre spo n s e s(Caterin a etよl., 199 7;
Vel aniet al･
, 2001;Hir ota et al., 203;Liu et al. , 20 03). In P C 12cells, ho w ever, 100
pM orhigher c o n c e ntr atio n s ofc aps aicin w er e n e eded forCa
2＋innu x･ Thisdiscr epancy
m aybe e xplain ed asfolo w s:1)the c aps aicin -s e n sitivityofV R l, whichis c o ntr olledby
s o m efa cto rs and sign aling pathw ays, m ay be lo win P C12c ells･ V R Ipr otein is
pho spho rylated by pr otein kin a s e s,le adingto anin c re a sedpr obability ofVRl-chan n el
gating(Vellani et al. , 2001). Br adykinin o r n e r v egr o wth fa cto r s e n sitiz e sV R l in
VR l- e xpre s sing H E K 293 cells (Chu ang et al., 2001). Altho ugh tr e atm e nt with
bradykinin and n erv egrowthfactordidn otchange the c aps aicin r espo n s ein P C 12c ells
in o urstudy, the pho spho rylatio nlevel of V R lm ay r egulate the r espo n sibility to
c叩S aicin･ 2)It m aybe e xplain ed bythe div e rsity of V R トs ubtype s(Ac s et al., 1997).
V R land an othe r vanilloidr e c eptor subtype s are c o- e xpr e s sed in do r s alr o otg anglio n
n e u r o n s c o n siste山 withhetro multitrim eric s止bu nit as s e mbly(Smi也et al. , 2002). Thu s,
P C1 2c ells m ay e xpres sothe r v aniloidre cepto rshavinglo w s e n sitivityto c aps aicinin
additio nto V R l
,
o rla ck n e c e ssary c o mpo n e ntsfor showlnghigh affinity. Otherwise,
lo wle v elofV R lmR N A(probably pr otein)inP C 12c ells m ayrefle ctthelo w re a ctivity
to
'
c aps aicin･ It is n ote w o rthy that c apsaicin re spo nses w ere occ urr ed in
c o n c e ntr atio n-depe nde nt m a n n er altho ugh high c o n c e ntr atio ns w erene eded, and w ere
inhibitedby c aps a z epl n e O r re m o v e Ofe xtr a c ellula rCaCl2. The seresults suggestthat
v Rl is e xpre s s edinP C 12c ells andc o upled with Ca
2＋
-pe r m e able cha n n els･
Itis r epo rtedthat V R l is als o e xpre s s ed on e ndopla s mic retic ulu min dorsalro ot
ga nglio n n eur o n s, a nd tha土 c aps aicin indu c ed a n in cre a s ein [C㌔
＋
]i levels by
m obiliz ation of Ca2
＋
via activ atio n ofV R lo nintra c elular stores s u cha s endoplas mic
r eticulu m(Liu et al., 2003). T he intr ac ellula rdistributio n or VRlobservedin P C 12
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c ells m ay r e s ultfr o mV Rl e xpre s s ed on e ndoplasmic r etic ulu m s. Ho w e v e r, since the
c aps aicirl r e spo n s e Of[Ca
2＋
]ile v el wa s not obs e rv ed in the abs e n ce ofe xtr ac ellula ∫
CaC12, V R le xpr es s ed in the cytosolic fr a ctio n w a s notbe fu n ction alin P C 12cells,
Intere stingly, c aps aicininhibitedthe Ca
2＋ innu xinduced bythapslgarglnPr obably via
activ atio n ofsto r e- ope r atedCa
2'
channelsin PC12cells, as r eportedpr eviously(C hoi
and Kim
,
19 99). Sto re- oper ated Ca
2'
chan nels ar epr opo sed to be m embers ofthe
tr an sie nt re c epto r pote ntial(T R P) fa mily of Ca
2'
-pe rm e able n o n-s ele ctiv e c atio n
chan n els. V R l(cu rr e,ntly de sign ated T R P Vl)is
'
a m e mber ofthe T R Pfamily.
Capsaicin m ayinhibits o m eT R Pcha n n elsthat a re a ctiv ated bysto re depletio nindu c ed
bythapslga曙1 n.
In c o n clu sio n
,
w e sho w edthat V Rltra n s cript 弧d its pr otein w e r e e xpr e s s ed in
pc12c ells, In addito n
,
c aps aicin sho w edtw ophar m a c ologic aleffe cts o n[Ca
2＋
]ile v el
in P C 12c ells;stim ulatio n ofatr an sie ntCa
2＋
influ xin VRla ntago nist-s e n sitiv e m an n e r,
and inhibitio n ofCa2
'
influ xindu c ed bythapslgargl nin P C1 2c ells･ PC 12c ells m aybe
a u s efulm odel fo r studyingV R l- m ediatedsign aling.
A dendu m: Du ringthe pr epa r atio n ofthis m a n u s cript, Sarke r a nd Ma r uya m a(2 003)
repo rtedthe e xiste n c e ofV R ltr an s criptinP C 12c els.
- 3 2-
Pa r‖ⅠI･ Stim ulation ofca n nabin oidC Bl r e c eptorindtl Ced activation
of pho spholipas e A2α in PC12 cells: role of Sr c pr otein
tyr osin e kin ase
i一l.1. Ⅰntr odu ctio n
A
9
-Tetrahydo r o xyc a n n abin ol, a m ajo r I ngr edient ofhashish and m arlJu an a, a ctiv ate s
the c a n n abinoidr e c epto r, a c ertain G pr otein -coupledre cepto r･ C an n abin oidre c epto rs
ar edividedintotw o s ubtype s,the C B land C B 2r e c eptors(Mats uda et al., 1 990;Mu n r o
et all , 1993)I C B lr e c epto rs ar e m ainlye xpr e ss ed inthe centr al n e rvo u s syte m a nd a re
partic ularly abu ndantin ba s alganglia, hippo c ampu s, and cerebellum (Lutz, 2002). In
c o ntr ast, C B2r e c eptor s a re m o stlye xpr e s s edinlymphoido rga ns(Mun r o et al. , 1993).
The CB lr e c epto ris als o a ctiv ated by a n andamide, which is a n e ndoge n o u sligand
(De v an e et al･, 192)I Stim ulatio n of C Blr e c epto r elicits n um e r o u sbiological a nd
biopbysic alr e spo n s e s s u ch as a ninhibitio n ofv oltage-depe nde nt c alcium cha m els,
a ctiv atio n ofpota ssi um cha n n els, syn aptic pla sticity and de c re as e of n e urotr an s mitter
r ele a s e(M isn e r andSulliva n, 1 99;Fr e und et al. , 2003). Mo r e o v e r, stim ulatio n ofC B l
r e c epto r elicits the fbm atio n of pr o stagla ndin s that a reinvolv ed in the
c a m abin oid-indu c edpsycho activ e effe cts and v a s odilatio n(Per e z- Reye s et al. , 1991;
Ellis et al., 195;Y am agu chietal., 2001). Itis repo rtedthatC B lre c epto r,butn otCB2
r e c epto r, is e xpr e s s ed in r atphe o chr o m o cyto m aP C 12c ells(Sarke r and Ma ruya m a,
2 003), whichis a u s eful m odel c ell lin efo r studying n e uro n al fu n ctio n s. Kiss(199)
repo rtedthat an and amide a ctiv ate spho spholipa s eD andthu spr odu c e spho sphatidic
a cidin PC12 c ells, altho ughithas n otyetbe e ndete r min ed wbetbe rthe r e spo n s eis
m ediated byC B lr e c epto r.
Pho spholipas eA2, the r ate-1im ltl ng e nzym ein ar a chido nic a cid m etabolis m,
c atalyz e s the hydr olysis of pho spholipids at the s n-2 po sition to pr oduc e
lys opho spholipids and polyun s atu r ated fatty a cids in cluding ar a chidonic acid･ An
in c re a s e ofcle a v age ofpho spholipidsinto ar achidonic acidle adstothefbm ation of
pr o staglandin s andle ukotrie n e s, which are r elate to inflam m atio n under pathologl C al
c o nditio n s. T he r efo r e, elucidatio n ofphospholipas eA2- m ediatedpathw aysisimpo rtant
for de v elopm e nt of n o v el therape utic anti-infla m mato ry drugs. It is kn o wn that
cyto s olic pho spholipa s eA2, O ne Ofthe subfamily ofphospholipa s eA2, Plays a m ajor
r ole in ar a chido nic a cidprodu ctio n(Hir abayashi and Shimiz u, 2000). Cyto s olic
pho spholipa s eA2is cla s sifled intothr e e s ubclas s e s, α,βandγ. P ho spholipa seA2αis
e xpre s s ed ubiquito u sly and play a nimporta nt rolein cleavageinto ar a chido nic a cid
(H ir abaya shia nd Shim z u, 2000). Pr eviou sly, w e r eportedthat an a nda mide indu c e s
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ar achido nic a cidr ele as e and pr o staglandin F2a fo r m atio n, pr obably via a ctiv atio n of
cyto s olic pho spholipa s eA2, in PC12 cels(So m eya et all 2002)･ Ho wev er, tr eatm ent
with 20pM S R 141716 A, an antago nist for CBl r e ceptors, did n ot inhibit the
an a nda mide r e spo n s e. Thu s, itis u nkn o w n whether c ar m abin oidr e ceptors areinvolv ed
inthe r egulatio n ofpho spholipa s eA2inP C 12c ells･
Sr cfami lytyr o sin ekin as e s ar e c ritic al slgn altr an sducer sthat m odulate a wide
v ariety of c ellularfu n ctio n s. It ha sbe e n w elle stablished that Sr cfamily tyro sine
kin a s e s ar ein v olv ed in slgn altr a n sdu ctio npa血w ays r egulating a br o ad spe ctr u m or
physiologic alre spo n s e s, including c ellcycle c o ntr ol, c ellpr olifer atio n,differe ntiatio n,
adhe sio n
,
migr atio n a nd s u rvival(Tho m a s a nd Br ugge, 1997). Sever al repo rts a r e
pre s e nted abo ut the r elatio n shipbetw e e n c a n n abi oids andSr cfami lytyr o sin ekin a ses･
Lee et al.(203)repo rtedthat anti-n o cic eptiv etoler a n c eisindu c edby stim ulatio n of
C B lr e c epto r and is r e v e rs ed by inhibito r of Sr cfa mily tyr o sin ekin as e sin mic e.
Derkinde r e n etal.(2 001)sugge stedthe fun ctio n alas s o ciatio n of Fyn, o n e of Sr cfamily
tyr o sin e kin ase s, with foc al adhe sio n kin a s ein a pathw ay regulated by
endoca mabin oidsin hippo c ampu s. Altho ugh P C 12c els e xpr e s s e sC B 1r e c eptor,ithas
notbe e nin ve stlgatedthe relatio n ship betw e e nC B lr e c epto r a nd Sr cfamilytyr o sin e
kin a s e s. Fu rther m o r e,itis stillu n cle ar whetherSr cfa milytyr o sin ekin a s e s c o ntributeto
the activ atio nofpho spholipas eA2 and/o r ar a chido nic a cid m etabolis m s.
Pre vio u sly, W artm am et al. (1995)sho w edthat an anda mideindu c ed ar achido nic
a cidr ele as e andpr o staglandin E2-fo rm atio nin W I-38lu ngfibr oblast c els. Hu nte r and
Bu rstein (1997) sho w ed that stim ulatio n of c a n n abin oid CB l r e c epto rindu c e s
a r a chido nic a cidr ele a s ein N 18m ou se･n eu roblastom acells. Thes efindings rais ethe
po ssibility that the stim ulatio n of c a n nabinoid re ceptor le ads to the a ctiv ation of
pho spbolipas eA2, bo v e v e r,itis n otclari点ed. Fu血e m o re,the m e chanis m sunde rlying
C B lr e c epto r- m ediated a ctiv atio n ofpho spholipa se A2 r e m aintobe unclear ed･ In this
study, w efo c u s edo nthe r ole ofc a m abin oidr e c eptorinthe r egulation ofpho spholipase
A2. W efo u ndthat HU 2 10, a pote nt c a n n abimim etic c o mpo u nd, indu c e s ar achido nic
a cid r ele a s e a ndtra n slo c atio n ofpbo spholipa seA2α in P C 12c ells. In addito n, the
po ssibilty that Sr c-pr otein tyr o sin ekin a s e s ar ein v olv edin c a n n abin oid-stim ulated
a ctiv atio n ofpho spholipa s eA2 W as r ais edbythepre s e ntr e s ults･
- 3 4-
ⅠⅠⅠ.2. M ate rials a nd Methods
III 1 1. M ate rials
[5,6,8,9,ll,12,14･15}H]Ara chido nic a cid(215 Ci/m m ol, 7.96 T Bq/m m ol) w a s
pu r cha sed fr o m Am e rsha m (Bu ckingham shire, UK). An anda mide,
2-(2- a min o-3- m etho xyphe nyl)-4 H-1-be n z opyr a n-4- o n e(P D O98059), w ortm a n ni and
herbimycin A w e re pu rcha sed fr o m Sigm a (St. Lo uis, MO, U S A).
(6aR)-tr a n s-3-(1,トDim ethylheptyl)-6a,7,10,10a-tetr ahydr o- トhydr o xy-6,6-dim ethyl-6 H
-dibe n z o[b,d]p yr a n-9- m ethan ol (H U 210) and N -(piperidin- トyl)-5-(4-iodophe nyl)～
ト(2,4-dichlo r ophe nyl)-4- m ethyト1 H-pyr a z ole-3- carbo x a mide(AM251)w e r epurcha s ed
fr o m To c ris Co oks o n (Bristol, U K)･ Ion o mycl n, 4-(4- 伽 o r ophe nyl)-2-(4-
m ethyls ulfl nylphe nyl)-5-(4-pyridyl)-1 H-imida z ole(S B 20358 0), 4-a min o- トte rt-butyト3-
(1I- n aphthyl)pyr a z ol[3,4-d]pyrimidin e (P P l) and 4- amin o-5-(4- chlo r ophe nyl)-7-
(t-butyl)pyr a z ol[3,4-d]pyrimidin e(P P2)w e r epurcha s edfr o mCalbio che m(Sa mDiego,
CA
,
USA)･ H202 and s odium ortho v an adte(Na3V O4) w e re pur chas ed &o m W ako
(Os aka, Japan)･ n -(6- A min ohe xyl)-5- chlor o-1- n aphthalene s ulfo n amide (W -7),
anthr a[1,9-cd]pyr a z oト6(2H)- o ne (SP600125) and 1,4-diamin o-2,3-dicya n o-1,4-bis-
(o-amin ophe nylm er c apto)butadie n e (U O126) w e re pu rchased fr o m Seikagaku
Co rpo r atio n(Tokyo, Japa n), Bio mol(Plym o uth Me eting, P A, USA) and Pro m ega
(Madis o n, WI, U SA), re spe ctiv ely･ Pyrr ophe n o n e w a skindly pro vided by Sbio n ogi
(Osaka,Jap an).
Il.2.2. Cellcultu r e
PC12c ells w er e c ultu r edo n c ollage n- c o ated dishe sin Dulbe c c o
'
s m odifiedEagle
'
s
m ediu m(D M E M)supple m e nted with 5% fetal bo vin e s er um(F BS) and 5 %horse
s e ru m
,
and m aintain ed u nde r5 % CO2 at 3 7
oC･ Hu m an e mbryo nic kidn ey 293 T
(H E K 293 T)cels w e r e c ultur edo ndishesin D M E Ms upple m e nted with lO% F B S, and
m aintain edu nder5 % C O2 at3 7
oC.
III.2.3. Me a s ur em e ntof{
3
Hjarachido nic a cidrele a s e
[
3H]Ara chido nic a cid r ele a s efr o m pr elabeled P C 12c ells w a sdeter min ed as
des cribed pre vio u sly(So m eya et al. , 2002), with min or m odific atio n. Brieny, P C 12
cels o ndishe s w e r ein c ubated with D M E M(0.2 % F BS)and 0.3い一Ci/ml(11 kBq/ml)of
[
3
H]ar a chido nic a cidfo r24 h. T helabeledc els w eredeta chedfr o mdishe sbypipetting.
T he c ells w e r e w a shed a nd s u spe ndedin a m odified Tyr ode H EP E S buffer(13 7m M
NaCl,5 m M K Cl,5 m M glu c o s e, 2 m M MgS O4, 2 m M CaC12, 20m M H E P E S,pH 7.4).
Cells u spe n sio n s(3 0-5 0LLg Pr otein)w e r ein c ubated withtheindic ated age ntsfor3 0min
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at37oCintheprese n c e of 0.1 % fattya cid-fr e ebo vin e s er u m albu min(Sigm a)･ Thetotal
v olu m e w a s20 pl andthe r e a ctio n w aster min atedbythe addito n of500plofic e
- c old
,
ca
2＋
-
, Mg
2十
-fr e eTyr ode H E P E S buf托r c o ntaining 5 m M E D T Aand 5 m M EGT A
follo w ed by centrifugatio n(500 0x g, 30s)at4
oC･ The
3
H c o ntent ofthe s upern ata nt
w as e stim ated byliquids cintillatio n spe ctr o m etry･
In s o me e xpe rim e nts, [
3H]ar a chido nic a cid r ele a s e w asdete r min ed u nde r
c ell- atta chedc o ndition. Thelabeledc ells o n c ollage n-c o ateddishe s w e re w a shed brie瓜y
with Tyr ode H E P ESbuffTer･ Subs equ e ntly, c els we r ein c ubated withindic ated age nts
fo r60 min at37oC in Tyrode H E P E Sbufe r c o ntaining0.1 %fatty a cid
･fre ebovin e
s e ru m albumin. The s uper n atant w a s c e ntrifuged at5 000x gfor30s e e, a ndthe n
3H
c o nte nt ofthe s upe rn at nt w as e stim ated byliquids cintillatio n spe ctr o m etry･ Atta ched
c ells w e re s olubiliz ed withdeterge nt(1 % Trito nX -100), a ndthe nthe
3
H c o ntents were
e stim ated.
Ill.2.4. We sternblotting
P C 12c ells w er elys ed withTrito nlysisbuffer(5 0m M H EP E S,4 m M E D TA,1 m M
Na3V O4, 100m M NaF, 1% Triton X -1 00, 1 0 %glyc er ol, 0.25% de o xycholate, pr ote a s e
inhibito r c o cktail(Ro che D iagn ostic s, M a npheim , Ge r m a ny))･ La e m mli buffe r w as
ad ded
,
and the n boiled for 5 min. The s ample s w er e applied to by s odiu m
dode cyls ulfate-polya crylamide gel ele ctr opho r e si (S DS-PAGE) and tr an sferr ed to
polyv l nylide n edi皿u o ride m e mbr a n e s･ The m e mbr a n e s w e reblo cked with3% bo vin e
se ru malbu min- and 0.05 % Tw e e n20-c ontain ed Tris buffTe r ed s alin efo r1 h at r o o m
tempe r atu r e･ subs equ e ntly, the m e mbr anes we r ein c ubated o v e r night at4
oC withthe
r espe ctiv eprim ary antibody;anti
-v -Sr c(On coge n e, Cat No･ O P O7, San D iego, C A,
U S A;dilutedto 1:1000), anti-pho spho Src(P Y4 16)(Bio m ol, CatNo･ S A-3 14;diluted
to 1:10 00) and anti-pho spho tyr o sin e(clo n e4G IO) (Upstate, Cat No･ 05-321, Lake
pla cid, NY, US A; diluted to 1:100)). The nthe m embr an e s w er ein c ubated with
anti- m o u s ehorse r adishper o xida s e-1inked antibody(Amersha m;dilutedto1:2 000)for1
h atr o o mte mpe r atur e･ Pe r o xidas e w a sdete cted by che milumin e sc e n c e u sl ng an E C L
syste m(Am er sha m)･
III.2.5. Im m u n opre clbitation
PC12c ells w er e s e ed don60 m m c ollage n-c o ateddishe s. A fte r24h,the c ells w er e
furthe r c ultu r ed withs er u m-fr e e mediu mfo r an additio n al
1
4 h. Subs equ e ntly, c ells wer e
in c ubated withindic ated age ntsfわr5 minin Tyr ode H E P E Sbuffe rムo ntaining O･1 %
fatty a cid-fr e ebo vin e s er u m albu min, andthe nthe r e a ctio n w as stoppedbyfre e zi ng
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withliquidnitroge n･ Cells o ndish占s w e relys ed withthe Trito nlysisbuffer. Pr otein G
s epha r o s ebe ads(Am er sba m)w er ew a shed a ndin c ubated witha nti- Ⅴ -Src a ntibodyfわr1
h at r o o mte mper atu re･ Lysed c ells ample s w e rein c ubated with the be ads binding
a nti- v -Src antibody at4
oC o v er night･ After w a shing' the se s ample s w er ed n atu redby
boiling fo r 5 min in lae m mlibuffe r･ The n, the s amples wらre c e ntrifuged and
s uper n at nts wer e appliedtoS D S-PA GE,folo w edbythe Westernblotting pr o c edu r e･
III･2･ 6･ Tra n slo cation Qfcyto s olicpho sphoILba seA2a
P C 12c els w er e s e ed d at a de n sity of1 x 10
4
tr an sfe cted with 2 p g of the e xpr es sio n v e cto r
pr otein- c o njugated hu m an cyto s olic pho spholipa se
LipofTe ctA M INE P L U S(In vitr oge n, Ca rlsbad, C A,
c ells/dishes a nd tr a n sie ntly
e n c oding gre en nu o r e s c e nt
A2a (pcP LA2α- G FP) with
U S A), a c c ordi喝 tO the
m an ufa ctur e rlsproto c ol･ pcP L A2α - G FP-tr an sfbcted c ells w e re s e eded o nglas s-bottom ed
c ultu r edishe s(12m m dia m eter) and u s ed fo r e xperim e nts after48 h. The c ulture
m ediu m w as r epla c ed with Tyr ode H E P ES buffer c o ntaining O･1 % bo vin e s e ru m
albu min
,
and c ells w er ein c ubated with the indic ated age nts in the buffe r at r o o m
te mpe r atu re･ Fluo resce n c eim age s w er etake nin aF L U O VIEW c o nfo c al la s e r s c arm l ng
micr o sc ope system(Olympu s, Tokyo,Japan).
1II･2･ 7･ Me a s urem e ntofcytos olicpho sphollba s eA2 a CtiviO)
P ho spholipa se A2 as s ay W a sPe rfo rm ed a sde s cribedpr e vio u sly(Nakam ura et al.,
20 04)･ Brieny, H E K293 Tc ells w e retr an sie ntlytr an sfe cted withthe expressio n v e cto r
e n c odinghum an cytos olicpho spbolipas eA2α O rits c o山rolv e cto r(pcD N A 4/HisMa xA)
u sing LipofTectA M IN E P L U S･ Expr es sio n of cyto s olic pho spholipase A2α W as
dete -in edby We ste m blotting a n alysis(data n ot sho w n). The c els w e r elys ed with
lysis buffer (10 m M H EP E S, 340m M s u c r o s e, 0.1 m M dithiothr eitol, 0.2 %
3-[(3-chol amidopr opyl)dim ethylam m o nio]-1-pr opan e s ulfo n ate (C H A P S), pr ote a s e
inhibitor c o cktail, pH 7.6) folo w ed by ho m oge niz ation . T he ho m oge n ate w a s
c e ntrifugedat15,000×gfo r10min, andthe s upe rn atant w a s u s ed fo rpho spholipas eA2
a S S ay･
1-Palmitoyl-2-[
14
c]- ar a chido nyl-pho sphatidylcholin e(P A P C, fr o mA m e rsh am)w a s
addedto gla sste st-tube s, and N2 ga s W a sin s ufnatedto m akelipidfl m s. Water and
O･1 % Trito nX-10 0w ere addedto te st-tube s a nd s o nic ated
,
r e s ultingin fo r m atio n of
lipo s o m e. The n,[
14
c]p A P C lipo s o m e andc ell lys ate s w er e mix ed in re a ctio nbuffer(50
m M H E P E S
,
4 m M CaC12,1 0m M dithiotbr eitol, 0.1 %bo vine s erum albu min, pH 7.4),
a ndin c ubatedfo r30min at37oC. The r e a ctio n w a s stopped by addition of Dole
'
s
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r e age nt(1 N H2S O4: n-hepta n e :is opr opan ol - 2:20:78), a ndthen n-hepta n e and w ater
w er efu rthe r added･ The mixtu r e w as c e ntfifuged at3,00 × gfor 5 min, a ndthe n
n-hepta n e a nd silic agel w e r e addedtothe s upe r n atant, follo wedby c e ntrifugatio n at
3
,
00 0× gfわr 5 min･ The
14c c o nte ntin the s叩 e m at nt W as e Stim a土ed by liquid
s cintillatio n spe ctr o m etry.
III.2.8. Statistic s
valu e s are m e an s土 S.E. M . oftheindic atedn u mb占rs ofindepe nde nte xperim e nts. In
the cas e ofm ultiple c o mparis o n s, the s lgnifl C a n C e Ofdiffe r e n c e s w asdete r min ed u sing
o n e- w ay an alysis ofv aria n c efollow ed bythe Bo nferr o nitest･ Fo r c o mparis o n oftwo
gr o ups, an alys e s w er ep rfor m ed by u sl ng the pa red i
-te st･ P v alu e s at <0･05 w ere
c o n side redsigni丘c a nt.
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III.3. Resllts
Fir st, the effe ct of H U 21 0
,
a potent ago nist fo r c an nabin oid r e c epto r, o n
[
3
=】ar a cbido nic a cid r ele as ein P C12c ells w ere in v e stigated. H U 210 indu c ed
[
3
H]ar a chido nic a cidr ele a s ein a c o n c e ntr atio n-depe nde nt m an n e r, andthe ,ele a s e w a s
m arkedlyinhibitedbythe additio n ofA M 251, a s ele ctiv e a ntagonistfわr c a n n abin oid
C B lre c epto r(Figure 7). H U 210-indu c ed ar a chido nic acid rele as e w as alm o st
indepe nde nt o n e xtra cellularCaC12:the r espon seindu c edby 100pM HU210 in the
abs e n c e ofCaC12 W a s87･1土 7･8% ofthatinthepr e s e n c e of Cよc12(n I 3).
Ne xt
,
w ein v e stigatedthe effe cts ofpho spholipas eA2inhibitor s o n ar a chidonic a cid
rele a s eindu c edbyH U 2 10(Table5, Exp. Ⅰ). Mepacrin e andp-br o m ophe n a cyl br o mide,
n o n s ele ctiv einhibito rs ofpho spholipas eA2, m arkedlyinhibitedthe effe ct of H U 210.
We als oin v e stigated the effe ct ofpyr r ophe no n e, a pote nt inhibito r ofcyto s olic
pbo spholipa s eA2α(On o et all, 2002)･ On o et al. (2 002)repo rtedthat pyrr opbe n o n e
str o nglyinhibited ar a chido nic a cidrele as ein c alcium io n ophore(A 23 187)-stim ulated
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Figure7･ Effe ctof H U 210o n ar achido nic acidrele as ein P C12c ells.(A)Con ce ntratio かdepe nde n cy
of F U 2･10-induced arachido nic acid rele as e. Prelabeled cells o ndishes w erein cubated with the
indic ated c o n ce ntr ation s of H U 2 10 for60min at 37oC. Valu es arethe m e ans士 S.D . ofthre e
deter min atio ns ofa typical experim e nt･ Similar results w er e observ ed atleastin thre eindepe nde nt
experim e nts. (B)E ffe ct of A M 251 o nH U 210- in du ced ar achido nic a cidrelease. Prelabeled cellsin
suspe nsion w ereinc ubated withindicatedc o n centratio ns of A M 251 intheprese nc e(e)or abse n ce(o)
of loopM H U 2 10 for3 0min at 3 7
oCI Valu es are the m ea ns土 S.E.M . ofthreeindependent
e xperim e nts perfor m ed in triplic ate ass ay･
a
P<0･05, slgnific a ntlydifferentfro mthe v alu e witho ut
A M 251.
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Table 5. E ffe cts ofphospholipas eA2inhibitors onH U 2 10-indu c ed arachido nic acidrele asein P C 12
c ells
Exp. Ⅰ 【
3H]Ar achido nic acidreleas e(% ofc o ntr ol)
H U 21 0(30pM)
＋pIBr o m ophen acyl br o mide(100pM)
十 M epacrine(100トIM)
＋Pyrr ophen o ne(10pM)
10 0
5 6.5士 3.I
44.0土 2.0
5.5 土 2.7
Pr elabeled attached c eus w ereprein c ubated with the indic ated inhibjtors for15 min at 37
0C･
SubseqtJerltly, c ells w erein e ubated with 30pM I寸U210 inthe prese nceofrespe ctiv einhibitors at the
s a m e c o n ce ntratio nsfor60 min at37oC. Each v alueis sho w n asperc entage ofthe n etin cre as e of
【
3H]ar achido nic acid indu ced by3 0pM H U 210. T he abs olute v alue ofc o ntrolw as sho w ninFigure7･
Valu es arethe m e ansj= S.D . ofthr eedetermin atio n s ofatypic alexperim e nt.
Exp. II [
3H]Arachido nic acidrele ase(% ofco ntrol)
H U 21 0(3 pM) 100
十 D - efythro -Sphingosin e(10pM) 80･9士 4･9
a
＋ D - e7ythro-Sphingosin e(3 0LLM) 361 士 2･9
a
Pr elabeled s usperlded c ells w erein cubated with3 0pM H U2 10 in the pr ese n ce or abs e nc e ofthe
indicated c o n ce ntr atio ns of D -e7ythro-sphingosin efor30min at 3 7
oC･ Each v alu eis sho w n as
perc entage ofthe n etin cre ase of[
3
H]ara chido nic a cid indu ced by30pM H U210･ T he absolute v alue
of contr ol w as2.09士 0.12(% oftotal). Valu es ar ethe m eans 士 S.E. M . ofthreeindepe ndent
experim e ntsdo n eintriplicate.
a
P<0･05, significa ntlydifferent&o mthe v alu e ofco ntrol･
hu m anm on o cytic c ells(T H P-1 c ells)in ado s e-depe nde nt m an n e r with anIC50V alue of
24nM . To confir mtheinhibito ry effe ct ofpyrr ophe n o n e o n cyto s olic pho spholipa s e
A2a, Weinv e stigatedthe efe ct ofpyrr ophe n o n e o nthe a ctivity ofpho spholipa s eA2･
Pyrr ophen o ne at1 pM almo st c o mpletelyinl1ibitedthe a ctivity ofpho spholipas eA2in
c ell lys ates fr o m cytos olic pho spholipas eA2α -tr an Sfe cted H E K 293 Tc els(Figu r e8,
P an el A)･ The inhibi
.
tory effe ct ofp yr r ophe n o由e o nH U 210-indu c ed ar a chido nic a cid
r ele a s e w asin a c o n centr atio n-depe nde nt m a m e r. Pyrr ophe n o n e at0.2pM inhibitedthe
effe ct of30トM HU 210to appro xim ately 60 %ofc o ntr ol, a nd 10pM pyrr ophe n o n e
r e m a rkably inhibited it to alm o st ba s a1 le v el(Figu r e ,8, P an el B)･ In ad dito n,
ar a chido nic a cidr ele a seindu c ed by 100LLM H U 210w asslgnific a ntlyinhibitedby3 0
LLM D-erythro-sphingo sin e(Table 5, Exp. II). We als oinv estigated the efe cts of
inhibitorsfo r mitoge n- a ctiv ated pr otein kin a s e(M A P K) cas c ade, such a s U O126
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Figure8･ Inhibitory effectofpyrrophen o n e o nH U 210･induc ed ar achido nic acidrele ase.(A)Efect of
pyrr ophe n o n e o nthe activity ofcytos olic phospholipaseA2α in vitro. Cell lysates舟o m H E K 293T
cellstr ansfected withthe e xpressio n v ector ofcytos olic phospholipaseA2α Orits co ntrolv ector w ere
us ed for assay. T helys ates and
14
c-labeledsubstr ate w erein cubated for30min at3 7oC inthe abse n ce
or prese nce of 1pM pyrrophen o n e(Pymo). (B) Effe ct of pyrr ophe n on e o nH U 210-indu ced
arachidonic acidr ele as e舟o mP C12cells. Prelabeledc ells o ndishes w erein cubated withtheindic ated
c o nc entratio nsofpyrrophen on ein the prese nc e(●) or abse nc e(o)of 3 0pM H U 210 for60min at
37oC. Values arethe me ans 土 S.D . ofthre determin ations ofatypic alexperim ent. Similar res ults
w ere obs erved atle astinthre eindepende nte xperim ents .
(MAPK kin as e(M E K)inhibitor), P D O 98059(M EK inhibitor), S B 253080(p38 M A P K
inhibitor), a ndSP600125(c-Jun N -ter min al kin as e(JN K)inhibitor), o nHU 21 0-indu c ed
∬ achido nic acidr ele a s e. Ho w e v eちtbe s einbibitor sdidn otin且u e n c eⅢU 21 0-indu c ed
ar achidonic acidr ele ase(Table6). SP600125 alo n e(10pM)w a s stim ulated ar a chido nic
a cidr ele as ein PC 12 c els(data n ot sho w n). A l血o ugb 也e e飴ct of SP 600125o n
HU21 0-indu c ed ar a chido nic acidr ele as e w a sdiirlC ult tointe rpr etbe c a u se of its o wn
effe ct
,
SP600125did n otinhibit the rele a s ebyH U 210(data n ot sho wn). Wo rtm aJmin,
an inhibitor of pho sphatidylino sitide-3 kin a s e(PI3K), and W17, an inhibitor of
c alm odulin
,
didn otinhibit the effe ct ofH U 210either(Table6).
Itis kno wnthat a ctiv atedcyto s olicphospholipa s eA2aistr an slo c atedtothe n u cle ar
e n v elope a nd/o r e ndoplas mic r etic ulu m 丘o m the cyto s olin the re spo n s e ofc alciu m
io nopho re-stim ulatio n(Glo v e r et al. , 1995;Schie v ella et al･, 1995)･ Wein v e stigatedthe
effe ct ofHU 210on thelo c atio n ofcyto s olic pho spholipa se A2CLin P C 12c ells. As a
- 41-
Table 6. Effects of inhibitors for MAP K c as cade, c a]m odu]in a nd PI3K o D H U2 10-induc ed
arachido nic a cidrele asein PC12cells
【
3
Il]Arachidonic acidrelease(% oftotal)
Vehicle H U 210(301pM)
Vehicle
S B 203580(10pM)
P DO9SO59(10IIM)
UO12 6(10pM)
W-7(10pM)
Wortm a n ni (1pM)
2.20土 0.0 6
2.5 3士 0.0 4
2
.
1Sj= 0,08
2.07j= 0.l l
2.22j= 0.10
2.06士 0.14
8.98 土 0.65
i.64j= 0.i3
9.40j= 0.04
8.7 0j= 0.26
8.6 8i: 0.6 5
7.67j= 0.3 6
Prelabeled attached c e=s w ere preinc ubated with the indic ated inhibitorsfわr 1 5 min at 37
cC. The
w ashed cels wereinc ubated with o rwi thout 3 0IIM Ii U 2 1 0inthe pres en ce ofrespectiveinhibitors at
the sam e c oJI Centratio nsfor 60m inat37oC . V alue s a r ethe m e a nsj= S. D . ofthreedeterrnhatio ns ofa
typicalexpe rim er)t.
Pre-tre atm e nt Po st-tr e atm e nt
喜■
;ir
;I
I
I
Figure 9. Effect of H U 2 1 0o nthe loc atio n of
cyto solic pho spholipas e A2a. P C 1 2c eHs w er e
transfected withthe expressio nve ctor e nc oding
hum an cytosolic phospholipaseA2a C O njugating
Steer)f[uore s c entprotein . Pictu re s sho w n in 1eft
and right side paneLs are befo rea nd afterthe
stim ulatio n
,
r e spectively. Ceus were stim ulated
with 5IIM io n o mycin fo rl min(upper), 100
pM fr U21 0 for5 min (middle) a nd 30IIM
IT U210 fわr 1 5 min(lo w er). Vehicle didn ot
affect the loc ation of cytos olic phospholipas e
A2CL atle astir)15 mill(data n otshow n). Thes e
pictur es ar etypIC al o n e ofthT eeindeperldeJlt
e xperim ents. Scale bars are1 0pm ･
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po sitiv e c o ntr ol, w e obs e rv ed that
■
io n o mycin-indu c ed tr an slo c ation of cyto solic
pho spholipas eA2α in PC12 c ells･ As pr e vio u sly r epo rted in a n other c elltype
(H ir abaya shiet al･, 1999), cyto s olic pho spholipa seA2α W astr an Slo c atedto n u cle ar
e n v elope a ndthe o rgan elles n e ar n u cle u sbytr e atm e ntof5pM io n o myclninPC12c els
(Figu re9, uppe rp an els)･ HU210(3 0-100pM)als oindu c edtr a n slo catio n ofcyto s olic
pho spholipa s eA2α tO nu cle ar e n v elope, e ndopla s mic retic ulu m andthe o rgan elles n e a r
n u cle u s(Figure 9, middle andlo w erp an els). T he r ate ofH U 210･indu c edtr an slo c atio n
ofcyto s olicpho spholipase A2α W a sdepe nde nto nthe c o n c e ntr atio n u s ed:it to ok15min
for the tr a nslo c atio nby H U 210at 3 0pM , while it to ok 5min at 100pM . The
tr a nsloc a土ed cytos olicpbo spholipas eA2α C O ntin u o u slylo c aliz edintheindic atedr eglO n S
atleastfo r15 min.
Ne xt, w einv estigatedthe effe cts ofhe rbimycin A, a tyr o sin ekin a s einhibito r, and
PPl and P P2, selectiv einhibito rs of Srcfamilytyr o sin ekin as e, o n H U 210-indu c ed
a r a chido nic acidrelea s e. Tre atm e nt with he rbimycl nA m argi n ally de cr e as ed the
H U210-indu c edara chido nic a cidr ele a se(Table 7). P PlandP P2signific antlyinhibited
the r ele a s eindu c edbyH U21 0(Table7). Ne xt, w eperfo rm ed We stem blottingan alysis
to in v e stigate the tyr o sin e-pho sphorylatio n of Sr c. Tyr o sin e at 416th of Srcis
a uto-pho spho rylated whe nitis activ ated. Sr cpr oteinin cells stim ulatedbyH U 210for5
min w a s slightly tyro sine-phospho rylated at 416 thyr o sin e(data n ot sho wn)･ To
c o n丘m the pho spbo rylatio n of Sr叩 rOtein tyr osine kin a se, we c olle cted Srcby
Table 7. E ffects oftyr osin ekin aseinhibitors onH U 210
-indu c ed ar achido nic acidreleasein P C12
cells
[
3
H]ar achido nic acidr ele ase(% ofc o ntrol)
H U 210(100pM)
＋ HerbimycinA(1pM)
＋P Pl(20pM)
＋P P2(20pM)
100
59.1土 18.9
8
34.9土 2.8
a
33.8 土 4.4
a
prelabeled s uspe nded cells w erepreinc ubated with the indic ated inhibitorsfor15 min at 37
oC･
Subs eque ntly, c ells w erein cubated with 1 00pM H U 210 intheprese n ce ofrespectiveinhibitors at the
sa m e c on c entratio n sfわr3 0min a‡3 7
oC. Each v alu eis show n asperce ntage ofthe n etincre ase of
[
3H]ar achidonic a cid indu c ed by100pM H U 210･ The absolute v alue ofc ontrolw as sho w nin Figure
7. Valu es arethe m e ansj= S.EIM . ofthre eindepe ndent experim e nts don ein triplic ated
a
P<0･05,
s lgnific a ntlydiffere ntfr o mthe v alue ofco ntr ol･
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im m u n opre cipitation, and its tyr osine-pho spho rylatio n w a s deter min ed.
Im mun oprecipitatedSrc w as alm o stthe s amelev el in ea chfractio n(Figur e10, pa n el A).
As previo u sly r epo rted(Saito et al., 2002), H202in c r easedtyro sin e-pho spho rylation
le v elof Src. Phosphorylatedtyro sin e ofSrcin c ells stim ulated by H U 210 w as slightly
in cr e as ed c o mpared with c o山r ol c ells (Figu re 10, pan els A and B). Na3V O4, a
tyr o sin e-pho sphatas einhibitor, in c re a sed tyr o sin e-pho spho rylatio nle v el of Sr c, a nd
H U 210pote ntiatedtheNa3VO4-indu c edpho spho rylatio n.
(A) JP:Src
Exp. 1 旧:P Y
Exp. 2 tB:P Y
IB:Src
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Figure 10. E ffe ct of H U 2 10o n
tyrosin e-phosphorylation of Src･pr otein
tyrosin ekin as ein P C 12c ells. Cells o ndishes
w ere stim ulated withthe indic ated age nts for
5 min at37QC.(A)Src-proteintyr osin ekin ase
w as im m u n opr ecipitated with anti-Sr c
a ntibody, a nd the n s a mples w er e
im m u n oblotted with a nti-phosphotyr osin e
(upper and middle, P Y) or anti-Src(lo w er,
Src) antibody. Typicalpictures of detection s
w ere sho w n. (B) Qu antitativ e analysis of
de nsities of e ach band. Data are norm alized
with controlv alue, a nd sho wn bythe ratio of
phosphorylatio nlev elto proteinlevel of Src.
Valu es ar ethe m ean s土 S.E. M . of thre
indepe ndente xperim ents.
ill.4. D is c u s sio n
III･4･1Stim ulatio n ofCBlr e c eptorindu ces ara chido nic a cidr ele a s e
Inthe pr e se nt study, w e sho wedthat stim ulatio nofc a n n abinoid C B lre c epto rby
H U 210 indu c ed ar a chido nic a cidr ele a s einP C 12c ells･ InP C 12c eus
,
itis reported that
CB lr e c epto ris e xpre s s edbut notCB 2r e c eptor(Sarker a nd Mar uyain a, 2003). Sin c e
H U 210-induced ar a chido nic acid r ele as e w a s m arkedly inhibited by A M 251, an
a ntagonistfo rC B lre c epto r, the effe ct of H U 21 0appe ars to be m ediated by CB l
r e c eptor･ Stim ulatio n ofC B lr e c epto rindu c e s ar achido nic acid;ele as einPC12c ells a s
pr evio usly repo rted in other c elltype s(Wartm a n n et al. , 1995; Hu nte r and Bu r stein,
1997)･ Ho w e v er,it ha s n ot yetbee n r e v e ald why do e s stim ulatio n ofC B lre c epto r
indu c epr odu ctio n of ar a chido nic acid and which s ubfamilies ofpho spholipa seA2
m ediate the r ele a s e ofar achido nic acid･ Ou rfindings pr o vide n o v el in sightsintothe
m e chanis m s o nthe regulatio n ofpho spholipa s eA2 by C B lr e c epto r･ The s eputativ e
m e cha nis m s ar edis c u s s edbelo w
1II･4･2Activ atio n ofcyto s olicphosphollbaseA2abyH U210
Cyto s olicpho spholipas eA2is e xpr e sedin n e r v e c elsin cludingPC12cells(Thang
et al
l, 2 00)･ Cyto s olicpho spholipas eA2is cl?ssified into atle a st thr e e s ubclasse s(α,β
and†type s)･ Cyto s olicpho spholipa s eA2αtran s cripts e xistubiquito u sly: e.g. h占art,lu ng,
kidney(Pickardet ar･, 1999), and m anytype s ofc ells c o ntain cyto s olic pho spholipa se
A2α(Kr am e r andSharp, 197)･ Cyto s olic pho spholipas eA2αPlays a c e ntr alr oleinthe
regulatio n ofar a chido nic a cid fo rm atio n, altho ughu n rev e aled fu n ctio n s andr egulatio n s
are r e m ain ed. In the pre s e nt study, H U 210-indu c ed ara chido nic a cidrele as e w a s
inhibited by p-br o m ophe n a cyl br o mide and m epac rin e, sugge stingthat the rele as eis
m ediated by pho spbolipa s e A2･ Inte re stingly, pyrr ophen o n e m arkedly 皿d
c o n c e ntr atio かdepe nde ntly inhibited the r ele a s eindu c ed by H U 210･ Pre vio u sly, w e
sho w ed that D-e rythro-sphingo sin einhibits cyto s olic pho spholipa s eA2a aCtivityand
ar a chidムnic a cidr ele a s e丘o m PC12c ells(Naka mur a et al. , 2004). H U 210-indu c ed
ar a chido nic acidr ele a s e w a s slgnific antly inhibited by D-erythr o-sphingo sin e･ In
addito n, e x oge n o u sly e xpr e ss ed cyto s olic pho spholipase A2α Wastra 皿Slo c a‡ed bythe
addito n of H u ュ1 0. The s ere s ults str o nglys ugge st thatstim ulation ofc a m abin oid C B l
re c epto r a ctiv ate s cyto s olic pho spholipa seA2a follo w ed bythe rele as e ofar achido nic
a cid.
III･4.3 Sr cjbmilyo}ro sin ekin a s es m ediatethe ejfectofHU21 0
H U 210-indu c ed ar a chido nic acid rele as e w a sgre atlyi血ibited by pr oteintyro sin e
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kin a s einhibito rs s u chasherbimycin A, P Pla nd P P2. PP land P P2inhibitSr cfa mily
tyr o sinekinases selectively(Hanke efall , 1996)I Ther efo r e, the s efindings s ugge st that
H U 2 10-indu ced a rachidonic a cid relea seis m ediatedby Srcfa milytyr o sin ekin a s e s.
M o r e o ver, Sr c w astyr o sin e-pho spho rylated by HU210, which als o s ugge sts the
a ctiv atio n ofSr cfamilytyr o sin ekin as e sbythe stim ulatio nofCB lre c epto r. Sr cfami ly
tyr o sin ekin a s e s are cla s sified into the s ubcla s se s s u ch as Sr c, Fyn, Lyn and Ye s etc
(Kefala s et al., 1995). Sin c eP P la nd P P 2 inhbit the s e s ubtypes of Sr cfamilytyro sin e
kin as e s, the s e s ubtype s
.
m aybein v olv ed in HU21 0-i血du c ed ar a chido nic a cid relea se･
Ho w e v e r, w e c o n siderthat ap pr opriate c andidate is Sr cbe c a u s eSrcis e xpr e s s ed at
highe rle v el in n e u r o n s(Br o w n a nd Co oper, 19 96).
The m e ch anis m sthat u nde rliethe activ atio n of Sr ctyr o sin ekin as ebystim ulatio rl
ofCB lr e c epto r r e m ain stobe r e v e aled. W e spe c ulatethatGa s ubu nit, whichis c o upled
with C B lr e c eptor, m ay a ctiv ate Sr ctyr o sin ekin as ebe c a u s eGai and Gas dir e ctly
stim ulate sSr ctyr o sin ekin a s e(Ma and Hu ang, 20 02).
Itis r epo rtedthats∫cinter a cts with o n e ofgr o upIIApho spholipa s eA2S(Mize nin a
et al.
,
2001). Altho ugh this gr o up IIApho spholipas eA2isin afamily ofs e cr eto ry
pbo spholipas eA2, CytO S Olic pho spbolipas eA2 po ss e ss e s Simila r stm ctu r e. T ber efbr e,
cyto s olic pho spholipas eA2 m ay als o inter act withSr c 血 mily tyr o sin e kin as e s.
Other wis e, a ctiv atio n ofSr c免milytyr o sin ekin ase s m ay a ctiv ate otherkin a s e sthatc a n
activ ate cyto s olic pho spholipase A2. Itis s uggestedthat the activ atio n of cyto solic
phospholipas eA2 is r egulated byits SET-pbo spboryla土ion(Hir abayasbi and Shimiz u,
2000). T hu s, activatedSr cfamilytyr o sin ekin as▲e s m ay pho sphorylate and activ atethe
o也e rkina se s. Thispos sibiltyisdis c u s s edbelo w.
II. 4.4 Possible regulation ofcyto s olicpho spholipa s eA2a
Regulation ofcyto s olic pho spholipas eA2α a ctivityis partly r e v e aled. In cr e as e of
cyto s olic Ca
2＋
-c o nce ntration s r e sultsin binding of Ca
2＋
to caL B do m ain ofcyto s olic
pho spholipas eA2a, Whichindu c e sitstr an slo c atio n. Itis w ell kno wnthatstim ulatio n of
C B lre c eptor inhibits voltage-depe nde nt c alciu m chan n els, re s ultingin de cr e a s e of
intr a c ellular c alciu m c o n c e ntr atio n s, altho ugh ーFilipe an u et all (
.
1997)repo rted that
stim ulation of CB lr e c epto r with A
9
-tetr ahydro c arm abin ol in c re a s e sintr a c ellular
c alci um con centr atio n sin m o u s e s m o oth m u s cle c ells. A dditio n ally, an a ndamide
inc rea s edintr ac ellular c alci um c onc e ntr atio n sinP C 12c ells(data n otsho wn). W e c o uld
n otinvestigate the efe ct of H U 21 0o nintr a c ellular c alcium c o n c e ntr atio n sbe c a u s e
HU210interfe red withthe m e a s u r e m e nt syste mfo rintr a c ellular c alciu m
'
c o n c e ntr atio n s
by its physic al pr ope rty. Altho ugh H U 210-indu c ed ar a chido nic a cidrele a s e w as
- 4 6-
indepe nde nt ore xtrac ellula rCaCl2, H U 210m ayindu c e an in cre a s ein intr a c ellular
c alciu m c o n c e ntr ation sin PC12c ells.
On the othe r hand, it is s uggested that the a ctivity is r egulated by the
pho spho rylatio n of cyto s olic phospholipas e A2α. Se v er al studie s r e v e ald that
Ser-pho sphorylatio n site s of cytos olic pho spholipas eA2a are Ser505, Se r515a nd
Ser727(de Carv alho et all , 1996;B 6rs ch-Ha uboldet al., 1998; Muthalifet al. , 2001),
whichinte ra ct with its a ctiv atio n. The s e site s ar epho sphorylatedby ER K, M A P Ko r
calm odulin-depe nde nt pr otein kin a s e(CaMK). Inter e stingly, H U 210-indu c ed
arachido nic a cidr ele a s e w as notinhibitedbytheinhibito rsforERK, p38 M A PK and
JNK, s ugge stingthat a ctiv ation of Srcfa milytyr o sin ekin a se s after activ atio n ofC B l
r e c epto rdidn otle adtothe activ atio n ofthe s ekin as e s･ Similarly, c alm odulininl1ibitor
W -7 didn ot inhibit HU210-indu c ed ar a cbido nic a cid rele as e
, s ugge sting that
c alm odulin a nd CaM K a re n ot als oin v olv ed in the C B l- m ediated incr e a s e of
ar a chido nic a cid rele as e･ In addito n, w ein v e stigated the effe ct of w ortm an ni o n
H U210･indu c ed ar a chidonic a cid rele a s ebe c a u s ePI3 K is a ctiv ated by Sr ctyr o sin e
kin a s e(Martin,2001)～ How e v er, w ortm an ni didn otinhibitthe rele a s e, s ugge stingthat
PI3 Kdo e s n ot c o ntributetothe activ atio n ofpho spholipa s eA2. The s e re s ults rais ed the
po s sibilitythat othe rpho sphorylatio n sign alisin v olv edinthe m e chanis m s ofa ctiv atio n
ofcyto s olicpho spholipa s eA2a･ So m e r e s e ar che s s ugge stthat the a ctivity ofcyto s olic
pho spholipas eA2is also regulated bytyr o sin e-pho spho rylatio n(Kastet al. , 1993;Flati
et all
,
1996;Shanka var am etal. , 1998). In additio n, w epr e vio u slyr eportedthatNa3V O4,
aninhibito r oftyr o sin epho sphata s e, activ ated cyto s olicpho spholipa s eA2inP C12c ells
(Mori et all , 2001), suggesting that cyto s olic pho spholipa s e A2 m ay be
tyr o sin e-pho spho rylated whe nitis a ctivated. Mo re o ve r, tyr o sin e-pho spho rylated Sr c
tyr o sin e kin a s es m ay activ ate cyto s olic phospholipas e A2 be c a u s eSr c w as
tyr o sin e-pho spho rylatedby Na3VO4in PC12c ells(Figu r e9). The r efo r e, a ctiv atio n of
Src-pr otein tyr o sin e kin a s es m ay pbo spborylate tyr o sin e r esidu e s of cyto s olic
pho spholipas eA2a, Which re s ults in a ctiv atio n of cyto s olic pho spholipas eA2α.
Ho w e v e r
,.fu rthe r studie s ar e n e ed dto clarifyho wSrcfa milytyr o sin ekinases a ctiv ate
cyto s olicpho spbolipa s eA2α.
Ill.4.5 EMe ctofan a nda mide on a rachido nic a cidrele a s ein PC12c ells
An and amideis a n e ndoge n o u sligand fo r c an n abin oidr e c epto rs(Devan e et al. ,
192). Ho w e v e r, itis s ugge stedthat a n anda mideis a w e ak ago nistfわr CBlorC B 2
re c epto rs(Sugiur a et al･, 1999, 2000)･ Our pre vio u s data s uggested that
an and amide-indu c ed ar a chido nic a cidr ele as ein P C 12c ells w as n ot inhibited by
- 47-
s R 141 716A, a s ele ctiv e a ntago nist ofC B lre c eptor(Som eya et al･ 2 002)･ In additio n,
w ein v e stigatedthe effe ct of A M 251o n a n ahda mide
-indu c ed ar a chido nic a cidr ele as e,
butA M 251 didnotinhibit the efe ct ofa n a nda mide(data n ot sho w n). T he s efindings
s ugge st that an andamide indu c e s ar a chido nic acid rele a s e via n o n
- C B l- m ediated
m e cha nis m sthat ar e spe c ulated as 払1lo w s: 1) An and amide m ay dire ctly a ctiv ate
pho spholipas eA2. So m e re s e ar che rs(Sz olc s anyi, 2 000;Sarker and M ar uya m a, 203)
repo rtedthata n anda mide elicitsthe othe rphar m acologicaleffe ctstha nthe a ctiv atio n of
v a nilloid and ca n nabin oid re c epto rs. The de m o n stration s u sing C e r amide, a lipid
str u cturally similar to a n a nda mide, r ais e the po ssibility that c e r a mide a ctiv ates
pho spholipa s eA2 Viadir e ctbindingtoits CaL B do m ain(Hu wiler et al. , 2001)I Take n
together, an a nd amide m ay dir e ctly a ct o n cyto s olic pho spholipas eA2･ 2) Va nilloid
r e c eptor- m ediated effe ct ofan and amide o n ar achido nic a cidr ele ase m aybe m o repote nt
thanits C B l- m ediatedone. An and amide c a n a ctiv ate n ot o nlyc ann abin oidr e c epto rbut
als o v anilloidr e c eptor･ We r ev ealedfun ctio n ale xpr e s sio n ofv anilloidre ceptorinPC12
c ells(m an u s c riptinprepa r atio n), sugge stingthat an anda mide m ay a ctivate can n abin oid
r e c epto rtogethe r with v aniloidr e c epto rin P C 12c els･ The r efor e, a n andamide m ay
a ctiv ate cyto s olic pho spholipa se A2 Via v aniloid r e c epto r- m ediated a ctio n sbe c a u s e
a ctiv atio n ofv anilloidr e c epto rindu ce s anin c r e a s ein cyto s olic c alciu m c o n c e ntratio n s･
Ill.4. 6 Su mm a ry
ln c o n clu sio n, w e s ugge stedthatstim ulation ofc aJ m abin oidC B lr e c epto rinduc ed
ara chido nic a cidr ele as e via a ctiv atio n of Sr cfamily tyr o sin ekin as e s a nd follo wing
a ctivatio n ofcyto s olicpho spholipa s eA2αin P C 12c ells･ The pr e s e nt r e s ults r aise the
n ovelpo ssibilitythatpho spholipas eA2a a ctivitylS r egulatedbythepho spho rylatio n of
tyr o sine re sidu e s of cyto s olic pho spholipa s eA2α, altho ugh it r e m ain sto be clarified
what m ole cule a ctiv ate sSr cfa milytyr o sin ekina s e s, which s ubfamily ofSr ctyr o sin e
kin a s esis impo rta nt and whether Sr c tyr o sin e kinas e sdir e ctly a ctiv ate cyto s olic
pho spholipaseA2a･ Thishypothe sisis n o w unde rin ve stigatingln O u rlabor ato ry･
- 4 8-
Par‖ V･ Modi 鮎atio m sofc aps aicin -se n sitiv e n e tl r O nSinisolatedgu l ne a
●
pigiletl mby16トginge r oland lafutidin e
IV.1. intr odu ctio n
Caps aicin, the m ajo r Punge nt C O n Stitu e nt of hot pepper s ofthe pla nt ge n u s
Capsicum , e x cite s a s ubs et ofpri m ary S e n s o ry n eurO n S With s o m at in dors al r o ot
ga nglia or trige min alga nglia(Sz allasi a nd Blu mberg, 1999; Sz allasi a nd DiMar z o,
2000)･ Afu n ctio n alr e c epto rter m ed v ami1loidr e c epto r1(V R l), whichis a ctivated n ot
o nly by v a niloids s u ch as c aps aicin but als oby n o xio us heat a nd lo wpH, has be e n
clo n ed(Cate rin a et al･ , 1 997). In ge n er al, c aps aicin-s e n sitive n e u r o n str an s mit n o xio u s
info rm atio nper c eiv ed aspalmO ritchingto the c e ntr aln e rv ou s syste m. Activ ation of
c aps aicin- s e n sitiv e n e u r o n si the periphe r altis s u es als o evoked v ario u s r espo n s es
(Abdel- Sala m et all, 1997; Barth6 et all , 1999;Sz alla si and Blumberg, 199?)･ In the
ile um ･ a ctiv atio n ofprl m ary affer e nt n e u r o n sby c aps aicin c a use srelea s e oftr an s mitter
s ubstan cesfr o mthe n e u r o n s
,
whichintu rn a ctiv ate mye nteric cholinerglC n e u r O n S and
indu c ec o ntr a ctio n ofthe ile u mby a ctiv atio n of m u s c a rinic･a c etylcholin e(A Ch)
re c epto rs(Barth6 and Vizi,1985;Takakiet all, 1989;Jin etal. , 1990;Barth6and Holz e r,
1995;Barth6etal., 1999).
Ginge ris widelyu s eda s a splC e血 ougbo山 the w o rld, mdthe 血 z o m e ofgingerha s
be e n u s ed in tr aditio n al orie山al m edicine to a m elior ate s u ch sympto m s as
gastrointe stin aldis c o mfo rts,inna mm ation andrhe um aticdis order sfor c e ntu rie sin Ea st
Asia･ Ginger olsin cluding[6]- and[8]-ginger ol ar ethep unge nt c o n stitu e nts ofginger,
Zingiber onicin ale Ro s c o e(atr adit o n alSin o-Japan e se m edicin e, a Ka mpo m edicin e).
Ginger ols e xhibited v ∬io u sp九a - a c ol gic al e飴 cts in the c ardio v a s cu血 syste m s
(Kim u r a et all , 1989;Hata et all, 1998)andsho w edpositivein otropic effe cts o nis olated
atria and c a rdia c m u s cle s(Kobaya shiet al., 1988;Antipe nko et al., 1999; Maie r et al. ,
20 0). Zinge r o n e, an othe rpunge ntc o n stitu e ntofginger,hasbe en sho wntoha v e similar
phar m a c ologlC al effe cts a s c aps aicin, andthu sit w a s s ugge sted that c aps aicin and
zlnge r One c o ulda ctiv ate the s am e re c epto r and/o r a c o m m o npathw ayin trige min al
ga nglio n n e u r o n s(Liu a nd Sim o n, 1996,1 998;Liu et al., 2000). How ever, the r eis n o
e vide n c e c o n c e rn l ngeffe cts ofginger ols o n e nte ric ner v o u s syste m. In thepre se ntstudy,
w ein v e stigated whethe r[6]-ginger ola ctiv ate s c aps aicin-s e n sitiv e n e u ro n sintheguin e a
plgile u m.
Lafutidin eis a n e wtype of antago nist of hista min eH2 re C ePtOrS(Shibata et al.,
1 993; On ode r a et al･ , 1995)･ Sin c ethe pr otectiv e effects of lafutidine again st ga stric
ulc er s w eretotallyabolished bylo s s of fu n ctio n ofc aps aicin-s ensitiv e s e n s ory n e u r o n s
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in r atsin viv o(On oder a et al. , 1995;Um eda etall , 199;Kato etal一, 200 0;Ya m am oto et
al.
,
2 001), itis s ugge sted that tDe capsaicin- se n sitiv e pathw ays are in v olv ed in
ga stro-pr ote ctionindu c ed bylafutidin e･ To c o nfir mthehypothe sisthat[6]-ginger ola nd
lafutidineinter act with c aps aicin
-s e n sitiv e n e u r o n s, w e e x a min edthe effe cts oftw o
age nts o nthe caps aicin-indu c ed c o ntr a ction a nd A Ch r ele a s ein the is olated ile u m
pr epar atio nfr o mgu ln e aPlgS.
- 5 0-
IV.2. M ate rials a nd Methods
I V2.1. Anim als and m ate rials
M ale
, albin o Du nkin- Hartley guin e apigs (3 00-400g) w ere purcha s ed fr o m
Taka s ugi Lab･ Anim als Col, Ltd. (Saita m a, Japan). The anim als w er eho us ed u nde r
c o ntr olleden vir o n m e ntalconditio n s(te mperatu re24士 2
oC and lightbetw e e n7:00a. m .
a nd7:00p･ m ･) andfed c o mm ercial M Fcho w s(Orie ntalYe a stCo., Ltd. , Tokyo,Japan).
Anim ale xperim e nts w e reperfb- ed in a c c o rda n c e withthe GuidingPrinciplesfb∫the
Ca re a nd Use of Labo r atory Anim als appr o v ed by the Japa n e s eP har m a cologic al
So ciety.
[Methyl-
3
H]cholin e chlo ride(79 Ci/m m ol(2･92 T Bq/m m ol) w a spu rchas ed f, o m
Am e rsha m(Bu ckingha m shire, UK). Caps aicin a nd A C hc lo ride w er e obtain ed fr o m
W ako(Osaka, Japan)･ Caps a zepine w a sfr o mR BI即atic, M A, USA). Ruthe niu m r ed,
fam otidine and io n o mycin w ere pu r chas ed fr o m Sigm a(St･ Lo uis, MQ, U S A).
He micholinium -3 w a s obtain ed fro m Sigm a-A ldrich (Steinheim , Ge r m any).
[6]-Ginger ola nd atr opin e s ulfate were obtain edfr o mNa c alai Te squ e(Kyoto, Japa n).
He x am etho niu m chlo ride a ndtetr odoto xin w ere obtain edfr o mTokyo- Ka sei(Tokyo,
Jap an) and Sa nkyo (Tokyo, Jap an), respe ctively. CP 96345((2S,3S)-cis-2-(diphe nyト
m ethyl)-N-[(2- m etho xyphe nyl)- m ethyl]- トa zabicyclo[2.2.2]o ctan -3- a min e) w a sfr o m
Pfl Z e rIn c･(Gr oto n, CT, US A)･ Substan c eP and lafutidin e w er e obtain ed fro mPeptide
In stitute, In c･ (Os aka, Jap an) and Taiho Pha rm a c e utic al Co., Ltd. (Tokyo, Japan),
r e spe ctively･ Caps aicin and[6]-ginger ol w er ediss olv ed in a minim u m ofethan ol, and
c apsa zepl n e a nd lafutidin e w e r ediss olv ed in a minim um of dim ethyls ulfo xide. T he s e
age nts w er ediluted withtheindic atedbuffe r when us ed, andthefln alc o n c e ntr atio n of
ethan ol ordim e也yls ulfbxideinthe a ss ay w a sles tha n0.5 %(Ⅴ/v). The pHs ofthe
v ehicles c o ntaining etha n ol a nd/o r dim etbyl s ulfbxide a nd 也e age nts u s ed in
e xperim e nts w e r epH 6･5-pH 7･4, a ndthe v ehicle(c o ntaining0.5% etbm ol ordim etbyl
s ulfoxide)hadn o effe ct o nthe c o ntr a ctio n andthe[
3H]cholin erelea s eintheguin e apig
ile u m.
I V 2･ ･ Is olated ile u mpreparatio n a ndm e a surem entofc ontractio n
T he ile u mpr epar ation a nd m e a s u re m e nt of c o ntra ctio n w a sdone a sde s cribed
pre vio u sly(Watan abe et all , 1997)･ Brieny, the whole s egm e nts ofguin e apigile u m
w e re r e m o v ed in Krebs- He n selitbuffe r(11 2.0 m M NaCl,5.9 m M K Cl,2.0 m M CaC12,
1･2 m M MgC12, 1･2 m M NaH2P O4, 25･O m M NaH C O3, 11･5 m M gluco s e, pH, 7.4). The
s egm e nt ofile u m w a s s etup u nde r1-glo ad in a5- ml orga nbathc o ntainlngthebuffe r.
T hebath w as m aintain ed at3 2oC and c o ntin u o u slybubbled withaga s mixture of95 %
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02 and 5 % CO2. Contractio n w as re c o rded u sing a nis oto nictr a n sdu c e r(Type 453 47,
N EC Sa m-ei, Tokyo, Japa n). At the.start ofe a ch e xperim e nt, a m a xim alre spo n s eto3
pM A Chw as obtainedin e achtis s ue to estim ate the effe cts ofthe te sted age nts･ To
in v e stigate the sus c eptibility of c aps aicin- a nd[6]-ginger ol-indu c ed c o ntr a ctio nto
de s e n sitiz atio n, segm ents ofthe ileu m w er ein c ubated fo r7 min with the indic ated
c o n c e ntratio n s ofc aps aicin o r[6]- ginger ol, the n w a shed m o r etha n3 tim e s withthe
stim ulant-fr e ebuffe r, andin c ubated withtheindic ated age ntsto m e a s ure c o ntr a ctio nfo r
the s e c o ndtim e. Thei山er v albetw e en the 血st e xpo su re to the age nts a ndthe s e c o nd
e xpo s ur etothe age nts w as abo ut30 min･ Sin c ethe se condr e spo n s e s ofc aps aicin a nd
[6]-ginger ol w er edes e n sitiz ed e asilyin the s ame pr epar ation a s sho wnin Re s ults, the
c onc e ntr atio n-r e spo n s e c u r v e s ofc aps aicin and[6]-ginger ol w ere obtain edin a n othe r
ile al s egm e ntis olated fr o mthe s am e anim al･ In som e e xperim e nts, s egm e nts ofthe
ile u m w e r ein c ubatedfor7 min withthe antago nists o rinhibito rs, andthe nthe r espo n s e
indu c edbyc o ntr a ctiv e age nts w as m e as u r edinthepr e s e n c e ofr e spective antagonists or
inhibitor s. The a ntago nists o rinhibito rs w e re u s ed at the s am e o r2 tim e shigher
con c entr atio nsin theprevio u s repo rts(Takakiet al. , 1992;Iz z o et all, 1 97;Barth6etal･,
199;Ro ss etal. , 2001). The m a xim alc o ntra ctio nindu c edbyA C hw a s obtained atthe
co ncentration of 3 ドM , a nd e a ch r e spo n s e w a s e xpr e s s ed as ape rc e ntage ofthe
co ntractio ndue to 3 pM A Ch(% ofA C hc o ntr a ctio n). The additio n of c aps aicin o r
[6]-gingerol ca u s ed s o m ewhatirr egular r e spo n s e s, a nd thu sthe v alu e of the peak
c o ntractio nw asusedfTorthe c alc ulatio n.
I V2.3,(
3
HjCholin erele a s ej:TY'm theprelabeledslic e s oftheguin e apigile u m
The m e as ure m e nt of[
3
H]cholin e and[
3H]A C hr ele as e sfr o mthepr elabeledslic e s of
the gu in e aPigile um w as carried out asfollo w s･ The m u c o s al c o mpo n e ntin the
s egm elltS Ofgui n e apュgile u m w a sden udedby ge ntly r ubbing with w et- c otto n･ T he
s egm e nts w e r efurthe r c r o s s-choppedto slic e s(4 00× 4 00pm)byhand, fTollo w edby
filtr atio nthro ugh a m e sh(3 00× 3 00LLm). T he slic e s w er e w a shed twic e with a
m odifled Tyrode H E P ES buffTe r(137mM NaCl, 5 m M K Cl, 5 m M glu c o s e, 2 m M
MgSO4, 2 m M CaC12, 20mM HE P ES,pH 7･4)follow edbyc e ntrifugatio n at4
oC(100
x g, 3 0s). Se v e r al in v e stigators reportedthat thetis sue sin asupe rfu sio n syste m w e re
s ubje ctedto ele ctric alstim ulatio nin o rderto redu c e e ndogen ous a c etylcholin e, andthe n
the a c etylcholin e sto re s w e r elabeled with[
3
H]cholin e(Ya uet al. , 1 992; Ma ng et al. ,
2001)･ In thepr e s e ntstudy, the slic e s w e r ein c ubated with
1
5pM io n o?ycinfor30min,
a ndthe w a shedslic e s w er ein c ubatedfo r60min with[
3
H]choline(2.5pCi/ml)at3 7oC.
[
3
H]C bolinein c叩 O r ated 血othe cholin ergic n e Ⅳ ete min alsis synthe sizedto【
3H]A Cb･
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Thelabeledslic e s w e r e w ashedtwic e and s u spended in the buffe r. Thelabeledslic e s
(300-500pg pr otein)w e reinc ubated withtheindicated age ntsfo r10min at37oC. T he
a ss ay mixtu rew asfu rthe r supple m e nted with 1 0pM he micholiniu m-3 to pre v ent the
uptake ofcholinefor m ed fr o m[
3
H]A C h･ T hetotalv olu m e w a s300pla ndthe rea ctio n
w aster min atedbythe addito nof 500plofic占-c old, Ca
2＋
-fre e, Mg
2＋
-fr e eTyr odebuffer
c o ntaining5 m M E G T Aa nd5 m M E D T Afわllo w ed byc entr蜘gatio n(2,000× g, 30 s)
at4oC･ The 3H c o nte nt(the s um of[
3
H]cholin e a nd[
3
H]AC h)inthe s upe m ata nt w a s
e stim atedbyliquids cintillatio n spe ctro m etry･ The v alu e srepr e se nted inthe[3H]cholin e
r ele a s e areth r atio ofr ele a s ed3H co nte nt tothetotalin c orporatio n of[3H]cholin einto
the slic e s.
IV2.4. Statistic ala n alysis
Valu e s arepr es e nteda s m e a n s土 S･E･ M ･ forgre aterthan3 indepe nde nt e xperim e nts･
The n u mberin e xperim e nts(n)refer stothe n u mber ofe xperim e ntal anim als u s ed. T he
statistic al signirlCan C e Ofdiffer e n c esbetw e e ntw ogr o ups w as as se s s ed u s mgthetw o
tailed Stude nt's = est･ M ultiple c o mpa ris o n s agin st a sl ngle c o ntr olgr o up w ere m ade
by o n e- w ay an alysis ofv arian c e(A N O V A)with Du n n ett's m ultiple c o mpariso n ste st.
P<0･05 w a s c o n side redstatistic allyslgnifl C ant.
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IV.3. Resul由
IV3.1. Contr actio ninduc edby{6j-ginge r ol inguine apigile u m
Fir st
,
w e c o nfir m ed 3pM c aps aicin-indu c ed c o ntr a ctio nin the whole s egm e nts of
guin e apigile u m(Figu r ell, tr a c e a). Asde s cribedpr e vio u sly(Ba rth6and Viz , 1985;
Takakiet al.
,
198 9;Jim et al. , 1990;Barth 6and Holz e r, 1 995;Barth6et al. , 1999), the
c o ntr a ctio n indu c ed by c aps aicin w a s c o n c e ntr atio n-depe nde nt. T he m a xim al
c o ntr actio n w aspr odu c edbythe c o n c e ntr atio n sgr e ate rtha n3 pM c aps aicin, andthat
w a s abo ut20-30% ofthe c o ntr a ctio nindu c ed by3レM ACh(% of AChc o ntr a ctio n)in
the pre s e nt study. T he effTe ct of c aps aicin w as su s c eptible to the de s e n sitiz atio n, a s
pr e vio u srepo rts(Jim et al., 1 990; Ba rth6 et al. , 199). The s egm e nts ofile u m w e r e
in c ubated with 3トIM c aps aicin fo r7 min, a nd the nthoroughly w ashed with the
c aps aicin-fr e ebufFer, and u s ed a s c aps aicin-tr e ated ile u m. Co ntraction of the
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Figurell. M odific ation s ofcaps aicin-indu c ed contraction by[6]-gingeroland lafutidin e･ Segm erltS Of
the guin eapigileu m w ereinc ubated with v ehicle ortheindicated conc entratio ns ofcaps aicin(C A P),
[6]-gingerol([6]- G) and laAltidin e(L A F). At7 min a洗erthe admipistration, the s a m e segm ent w as
in cubated with 3pM caps aicin(tra ces a- e)or10 0nM A C h(tr acesf-h)to m eas ureco ntractio n･ The
re c ordings are o n e e x a mple of 5-7 indepe nde nte xperim e nts. T he peak co ntr actio nw asexpressed as a
perc entage ofthe c o ntr actio nindu c ed by3pM A C h･
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Figure12･ Co n ce ntration depe nde n cy of[6]-gingerolorlafutidin e. T he s egm e nts w ereinc ubatedwith
the indic ated c o n ce ntratio ns of[6]-ginger ol(Panel A) orlafutidine(Pan el B)to m eas ureth f.rst
c ontractio n(｡)･ At7 min aRerthe administratio nofthe indicated co nc entratio ns of[6]瑠ingerol or
lafutid ine, the sa m e segm e nt w asin cubated with 3pM capsaicin to measure c aps icin -induc ed
co ntr actio n(o)I Valu esare m ea n土 S･E･M ･ for4-7 independe nt anim als･
a
P<0･05, statistic ally
signific antc o mpared withthe c o ntr olvalue without[6]-gingerolorlafutidin e･
b
p<o･ol, statistically
sLgnificantc o mpared withthe c aps aicin -indu cedc o ntractio ninthe c o ntr olileu m.
caps aicin-tr e atedile u mindu c ed bythe s e c o nd e xpo sure to 3 pM c aps aicin w a s1.2 土
0･9%(n=5), which w a ssigniflC antlylo w e rth an the c o ntrolc o ntr actio n(23.4 j= 4.4 %,
n=8).
【6]- Ginger ol sho w ed n oeffe ct atlo w er c o n c e ntr atio ns(upto3 ドM), andinduc ed
c o ntr a ctio nintheile u m athighe r c o n c e ntr atio n sgr e ate rtha n3叫 M(Figure11,tr ace sb
and c; Figu r e12 A)･ T he [6]-ginge r ol-indu c ed c o ntr actio n w as s u s c eptible to the
de s e n sitiz atio n;the c o ntractio nindu c edbythe first challe nge of 3 0pM [6]-ginge roI
w as13･3 土 2･8 %(n -6),butthe s e c o nd challe nge hardly elicitedthe c o ntr a ctio ninthe
[6]-gingerol-tre atedileu m(2･O j= 0･9 %, n-3, P<0･01)･ Caps a z epine is a c o mpetitive
a ntago nist, and r uthe niu m r ed is afu n ctio n al a nd non -c o mpetitiv e antago nist of
v a nilloidr e c epto r(Szalla si a nd Blu mberg, 199 9; Sz alla si a nd Di Mar z o, 2000). In
gul n e aPュgile u m,boththe a ntago nists at10pM inhibited not o nly3pM c aps aicin- but
als o3 0LLM[6]-gingeroトindu c ed c o ntr a ctio n m arkedly(Table8). T he s e a ntago nistsfわr
v a nilloidre c eptordid n oti血ibit the s ubm a xim ala nd m axim alc ontr a ctio n sindu c edby
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Table 8. E ffects of c aps azeplrle, ruthe nium red, atroplrle arid tetrodoto xin on c apsaicirl- a nd
[6]-girlger Oトirlduced co ntra ctio ninthe vehicle- ,r6トginger ol- orlafutidin e-tr e ated ileu m
Tre atm er)t Vehicle-tr e ated Vehicle-tr e ated [6]- Gingerol-tr e ated I. afutidin e-tr e ated
Addition 3 pM Capsaicin 3 0pM[6]- Gingero1 3LLM Caps aicin 3 pM Caps aicin
Contr actio n(% of A Chrespo ns e)
No n e
Caps az eplne
Ruthe niu m red
Atropln e
Tetrodoto xin
20.3 土 2.4
5.1土 3.6b
8.7≠3.3
b
4.3 士 Ⅰ.7b
o.6士 0.5b
13.3 土 2.8
1.1士 0.3b
o.2士 0.3b
o.2土 0.4b
o.1士 0.3b
4 7.6土 1.4 a
3.1土 1.8b
9.4士 8.Ob
3.2 土 1.7b
1.] 土 0.4b
38.3 土 4.2
a
o.8 士 0.7
b
4.5 士 2.6
b
o.8士 0.5
b
2.3 士 23
b
T heguin e apigileu m s egm ents w erein cubated for7 min withv ehicle(No n e), 10pM c aps az epine, 10
pM r utheniu m red, I pM atropln e O r1 00nM tetrodoto xin. And then3 pM c aps aicin or30pM
[6]-gingerol w ere addedto m e as ure c o ntractio n. In s o m e e xperim ents, the segm e nts w er ein cubated
with 0.3 pM [6]-gingerol orl トLM lafutidin efor7 min, a nd thenthe indic ated c once ntratio n s of
aJltagO nists orinhibito r w ere added and 伽rtherin c ubated for addito n al7 min. T he n3 ドM caps aicin
w as addedto m e as ure c ontr actio n. Valu es are m e anj= S.E. M
,
for4-6 independe nt anim als .
a P<0.05,
statistic ally slgnifica nt c o mpared withthe c apsaicin
-induced co ntr action inthe vehicle-tr e atedileum .
b p<o･o5
,
statistic ally slgniftc ant compared with the value witho ut the indic ated antagonists or
inbibitor(Non e).
100 nM and 3 トLM ACh, r espectiv ely(n- 4). The co ntr a ctio n sindu c ed by 3 pM
capsaicin and 30 pM [6]-ginge r ol in the c o ntr olile u m w e r e m arkedlyinhibited by
atropin e(1pM , an antago nist ofm u s c arinic A C hr e c epto r)a ndbytetrodoto xin(1 0 nM,
aninhibitorofv olta岳e-depe nde ntNa
'
cha n n els)tr e atm e nt.
Tr e atm e nt ofthe s egm e nt ofguin e aPュgile u mfo r40min with 20トIMindo m etha cin
(aninhibitor ofcyclo o xyge n a s e s)didn ot m odifythe c o ntr actio n sindu c edby 100LLM
[6]-ginger ol andby3LLM c aps aicin(Table9). Tr e atm e nt with he x am etho niu m(100LLM ,
a n antago nist ofnic otinic A Chr e c epto r a ndthu s aga nglionic blo cking age nt)for10
min did n ot sho w a ninhibitory effe ct o n [6]-ginger ol- and c aps aicin-indu c ed
c o ntr actio n. Tre atm e nt with 2 pM C P96345, an antago nist fo r n e u r okinin 1(N Kl)
re c epto rs(S mider etal., 1991), alm o stc o mpletelyinhibitedthe c o ntr a ctionindu c ed by1
nM s ubsta n c eP
,
but n otbylOOいM [6]-gingerol a nd3 山M c aps aicin. The m a xim al
c o ntr a ctio nindu c ed by 10 0n M substa n c eP w as also m a rkedly inhibited in the
C P96345-tr e atedile u m;70-80% and 30-35%(ofA Ch re spon s e)inthe co ntrol a ndthe
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Table 9･ E ffects of indo m ethacin, hex a m etho niumH and C P96345on caps aicin- a nd
【6]瑠inger oト.indu c ed co ntractio n
A dditio n caps aicin [6]-GingeroI Substa nc eP
Co ntractio n(% ofA C brespons e)
Experil℃entI
Vehicle(No n e)
Indo m ethacin
Experim e ntII
Vehicle(No n e)
He x a m etho nium
C P 96345
24.3 土 4.3
22.8土 3.6
20.8士 5.4
19.8土3.6
23.3 士 3.8 21
.名士 4.5
18.8土 3.4 19.9土3.8
17.5士 2
.8 18.7土3.2
Notdete m ined
Notdeter mined
20
.2士 4.2
Notdetermin ed
l.8 土1.2 a
ln Experim e ntI, the guine apigile u m segm e nts w ereincubated for40min with vehicle(No ne)or20
pM indo m ethacin･ ln Experim e ntII, the segm e nts w erein cubated for10min with v ehicle, loopM
hex a m etho niu m or2pM CP 96345･ Andthe n3pM c apsaicin, loopM[6]-ginger olorInM s ubstan ce
P w as addedto m e asure c o ntractio n･ Values are m e an j= S･E･M ･ for3-4 independent anim als.
a
P<0.05,
statistic allyslgnific antc o mpared withthe valu e witho utCP 96345.
C P 963 45-tre ated ile u m
, respe ctively.
IV 3･2･ D u aleHects of(6j-ginge r oltre atm e nto n c aps aicin-indu cedc ontra ction
Tr e atm e nt with[6]-gingerol atlo w er c o n c e ntr ations betw e e n3 nM and 0.3 pM ,
which alo n edidn ot indu c e co ntra ctio n s, enhan c ed the 3 pM c apsaicin-indu c ed
c o ntr a ctio n s; the c o ntra ction w a s slgnific a ntly e nh an c ed in the O･3 pM
[6]-ginger ol-tre ated ile u m(Figure ll, tr a c eb a nd Figu r e12 A). T he e nh anced
c o ntr a ctio nindu c ed by c apsaicininthe[6]-ginge r ol-tre ated ile u m w asinhibitedbythe
antago nists of v a nilloidre c eptor, atropin e and tetr odoto xin (Table 8). In additio n,
pretr e atm e nt with [6]-ginge rol at c onc e ntr atio n sgr e ater tha n3 pM inhibited the
c o ntra ctio nindu c edbythe s eco nd challe一喝e Or 3トIM c aps aicin;the c o ntr a ctio n w as
alm o st c o mpletelyabolishedinthe100pM[6]-ginger ol-tre atedile u m(Figure11, tra ce
c)･ The s ubm a xim alc o ntr actioninduced by10 0nM A Ch(Figu r eII,tr a c esra ndg)and
the m a xim al c o ntr action by3 pM A Ch inthe 0.3LLM [6]-ginger oトtr eated ile u m w ere
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alm o st the s a m e･astho s ein the c o ntr olile u m(n -4). In thel OOトLM[6]-ginge roトtr e ated
ile u m
,
the respo n s eby1 00n M A C h.w a s slightly(20
-3 0 %)inhibited, a ndthe r e spo n se
by3pM A C hw ashardly(82.4 土 5.7 %, n-4, P- 0.05 4)inhibited.
I V3. . Du alebbcts oflqfutidine tr e atm e nto n c aps aicin -indu c edc o ntr a ction
Next, w ein v e stigated whetherlafutidin e r egulate s c aps aicin
-indu c ed c o ntr actio nin
isolated guin e apigile u m(Figu r ell, tr a c e sd ande). Lafutidin e alo n edidn otindu c e
co ntr actio nintheile u rrmt a ny c o n c e ntr atio n s(Figurei2B). Tr e atm e nt with lafutidin e at
lo w con ce ntration sfr o m0.1 to 1 pM e nha n c ed the C o ntr a ctio nindu c ed by 3 ドM
caps aicin;the c ontra ction wa s s ignific a ntly e nha n c edin the 1 pM lafutidine
-tr e ated
ile u m. The e nha nced co ntraction indu c ed by c aps aicin in the 1 pM lafutidin e
-tre ated
ile u m w a s alm o st c o mpletely elimin ated by the antago nists fo r v aniloidr e c epto r,
atropin e and tetr odoto xin (Table 8). Pr etr e atm e nt with lafutidin e at higher
c o n c e ntr atio n sbetw e e n10LLM and1 m M inhibitedthe c o ntr a ctio nindu c edby 3 pM
c aps aicin (Figu r e 12 B). The c apsaicin-indu c ed c o ntr a ctio n in the 100pM
lafutidine-tr e ated ile u m w as s lgni$1C antly s m aller than that in the 1 pM
lafutidin e-tr e ated ile u m(P<0.05). The subm axim alc o ntr a ctio nindu c ed by100nM ACh
(Figu r ell, tr a c eh)andthe m a xim al c o ntra ctionindu c ed by3 pM A C h in the 1 pM
lafutidin e-tre ated ile u m w er e alm o st s aJ ne a Stho seinthe c o ntr ol ile u m(n= 4). In the1
m M lafutidin e-tr e atedile u m
,
the s ubm a xim al re spon s eby1 00nM A C hw a s slightly
(30-40 %)inhibited, and the m axim al re spo n s eby 3 pM A Ch w a ssignific antly but
slightly inhibited (82.3 j= 4.0 %, n- 4, P<0.05)･ Fa m otidin e, anothe r antago nist of
hista min eH2r e C ePtO r, at allc o n c e ntr atio n ste sted(100nM - 1 m M), show ed n o effe ct
o nthe c o ntr a ctio n oftheguln e aPlgile um alo n e orin c o mbin atio n with3pM c apsaicin,
a ndthe contr a ctio nindu c edby3LLM ACh w as slgniflC a ntlybutslightlyinhibitedin the
1 m M fam otidin e-tr占atedile u m(78.0土 5.2 %, n -4, P<0.05).
IV 3.4. EHectsQfc aps aicin, (6j- gingerola nd lafutidine o n[
3
Hlcholin erele a s ejTro mthe
prelabeledslic e s ofguine apigile u m
The addition of30pM c aps aicin o r30pM[6]-ginger olstim ulated[
3
H]cholin e(and
【
3
HIA Ch)rele as e&o mthepr elabeledslic e s oftheile u minthepr es e n c e of 2m M CaCl2
(Table 10). The [
3
H]choline release sindu c ed by c aps aicin and [6]-ginge r olin the
abs e n c e ofextr acelular CaC12 W er e m arkedlyles stha ntho s einthe pr e s e n c e of 2m M
cac12(data n ot sho w n, n -4). The releaseinduc ed by c o-Addito n of30LLM c aps aicin
a nd 30LLM[6]-ginge r ol w as signific antcompar ed withthe c o ntr ol,but w as n ot additiv e
bythetw o stim ulants. Lafutidin e(10pM - 1 m M)alo n ehad n o effe ct on[
3H]cholin e
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Table lO･'E ffects ofcaps aicin,[6]-ginger ola nd lafutidine o n[
3
H]cholin e rel asefr o mthe prelabeled
slic es ofguln eaplgile u m
【
3
H〕Choline rel as e(% oftotal)
A dditio n No n e 30pM Caps aicin
Non e 10.0土 1
.4
30トIM[6]- Gingero1 14.9土 0.8
a
30トLM Lafutidin e 10.4 土 2.0
13.9土 0.7 a
16.Oよ o.5a
10.7土 0.5
b
T heprelabeledslic es w erein cubated with vehicle(No n e),3 0pM c apsaicin,3 0pM[6]-ginger olor3 0
ドM lafutidin eforlO min at 37oC･ Valu es w ere c alculted asperce ntages relative to the total
inc orporation of[
3
H]cholin einto the slices･ Valu es are m e an 土S･E･M ･ for3 indepe nde nt anim als.
a P<0･05
･ statistically signiflC ant C OmPar ed with the co ntrol v alue(No ne)I
b
p<o･o5
,
statistically
slgnifica ntc o mpared withthe v alu ewithcapsaicin.
r ele as e･ Co-additio n of 30pMlafutidin einhibited 30pM c aps aicin-indu c ed[
3H]cholin e
r ele a s e･ Be c au s e ofwide v ariatio n s
,
w e c o uldn otdete ctsigniflC anteffe cts ofthe age nts
atlo w co n c entratio n s and c o uldn otstudythe effe ctofpretr e atm e nt with[6]-ginge r olo r
lafutidin eon3pM c aps aicin-indu c ed[
3H]cholin e rel as e.
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‡V.4. D isellSSioll.
I V4.1. Involve m e nt ofc aps aicin-s e n sitive ne u;o n so n(6j-gingerol-indu c ed c ontr a ctio n
ofguin e apigileum
lnthe pr e s e nt study, w efo u ndthat[6]-gingerolinduc ed c o ntr a ctio n alo n e, and als o
e nha n c ed the c aps aicin-irldu c ed contr actio n in gu ln e aPlg ile u m. The effe cts of
[6]-ginger olappe ar edtobe m ediatedbyactiv atio n ofv a nilloidr e c epto rs o nthe n e u r o n s
in the ile u m･ First
,
the ef3e cts of[6]-ginger ol were alm o st c o mpletelyinhibited by
c aps a z epln e and r uthe nium red･ Altho ugh the s e age nts w er e repo rted to ha ve
n o n-spe ciflC a ctio n s s u ch asinl1ibito n of Ca
2'
chan n els(Do che rty etal･, 19 97;Cibulsky
and Sather
,
1 999), these agehts at 10 pM m arkedly inhibited c aps aicin - and
[6]-ginger ol-indu c ed co ntra ctions witho ut cha nging the A Chr e spo n s e. Se c o nd, the
effe ct of[6]-ginger ol w a sdes e n sitiz ed e a sily. ThirdJr e atm e nt ofthe ile u m with
[6]-gingerolatlow er c o n c e ntr atio n s upto0.3pM ehhan c edthe3LLM c aps aicin-indu ced
c ontr actio n, a ndthe e nhan c ed c o ntr actio n w a s elimin ated by antago nists ofv a nilloid
r ec epto r s･ Fo u rth,
'
tr e atm e nt with higher c o n c e ntr atio n sgr eater tha n 3 pM of
[6]-ginger ol inhibited the c aps aicin-indu c ed c o ntr a ctio n. [6]- Ginge rol at any
co n c e ntr atio n sbar elym odifiedthe c o ntr a ctio nindu c ed bya ctiv ation ofm u s c arinic A C h
rec epto r s o n s m o oth m us cle sin theile u m. Ther eis s o m e e videnc ethat c aps aicin and
z lnge r O n e C an a Ctiv ate the s am e r e c epto r and/o r a com m on pathw ay on the affe r e nt
n e u r o n sin viv o a nd o n也etrige min alga nglio n n e u ronsin vitr o(Liu a ndSim o n, 1996,
1 998; Liu et all , 2000)I Altho ugh[6]-ginger ola nd zinge ron e str uctu r ally differfr o m
c aps aicin in that the tw o age nts ha v e ashorter hydr ophobic m oiety and la ck a n
a cyl- a mide m oiety, both ha v e av anillyl-like moiety a sis s e e nin the stru ctu r e of
c apsaicin･ Thu s, it is pr obable that [6]-ginge r ol a ctiv ate s the c aps aicin-s e n sitiv e
v amiloidre c epto r.
Ba rth6 andVizi(ll 98 5)reported that activ atio n ofv anilloidr e c epto rs withc aps aicin
stim ulatedthe r ele as eof
3Hradioa ctivityfr o mthe mye ntericple x u s-lo ngitudin al m u s cle
pr epar atio n ofthe guin e apigile umpr ein c ubated with[
3
H]cholin e. In thepr e s e ntstudy,
n ot only c aps aicin but als o[6]-ginge r ol stim ulated [3H]cholin e r el a s efr o m the
prelabeled slice s ofthe ile u m(Table 9). In .addito n, tr e atm e nt with atr opin e or
tetr odoto xin alm ost co mpletely inhibited n ot o nly c aps aicin- b山 also
[6]-ginge r ol-indu cedco ntr actio n s(Table8). T he s efi ndings s ugge st that the c o ntr a ctio n
indu c ed by[6]-ginger ol w e r e m ediated by a ctiv atio n of va niloidr e c epto r a nd AC h
r ele as ein the neur o n s, a ndthe follo wing a Ctiv atio n of m u s carinic A Chr e c eptorsinthe
ile u m.
- 6 0-
IV 41 In v olve m e nt of N KI r e C ePtOrS a nd pro staglandins fo rm ation o n
{6j-ginge r ol-induc edc o ntra ctio n
Tre atm e nt with lOOいM he x am etho niu m had n o efe ct o n c aps aicin - and
[6]-ginger oI-indu c ed c o ntr a ctio ninthe guin eapigile u m･ Like caps aicin(Takakiet al.,
1989), the effe ct of[6]-ginger oldidn ot appear to be m ediatedby nic otillicganglio nic
n e u r o n s･ The c aps aicin-indu ced c o ntr a ctio nsin m a ny gastr ointe stinalpr epar atio n s a re
repo rtedtobe m ediatedthr oughthe r ele as e ofn e uropeptides s u cha sneu r okinin s丘･o m
c aps aicin-s e nsitiv e n e u r o n alstru ctur e s(Barth6 and =olz e r, 19
'
5; M acNa ughto n et al. ,
1997;Schmidtetall , 197)I Barth 6et all(19 9)repo rtedthat the c ontr a ctio n e v okedby
c aps aicin in theile u m w a sn ot redu c ed whe nN K lorNK 3re c eptors w e reblo cked
s epar ately, whe re a s a c o mbin edblo ckade ofN Kre cepto rs slgniflC antlydepr e ss edthe
c aps aicin r e spo n se･ Altho ugh an 皿tagO nist of N Kl re CeptO r alo n ehad n oe飴ct o n
c apsaicin- a nd[6]-ginger ol-indu c ed c o ntr a ctio nin the pre s e nt study, w e c ould n ot
e x cludethein v olv e m e nt ofothe rNKre c eptor s o nthe c ontr a ctile re spo n se s.In additio n,
itsho uldbedeter min ed whetherA Chis r el as edfr o mthe neur o n sha vingV R l directly
and/o rthe po ssiblein v olv e m e nt of otherinte r- n e u r o n sha ving n e urokinin s and other
m ediato rs.
[6]- Ginge rol pote ntiated pr o staglandin s(F2a, E2 and I2)-indu c ed c o ntr actio n sin
m o u s e m es e nte ric v ein s, altho ugh[6]-ginge r ol alo n e sho w ed n o effe ct(Kim u ra et al.,
1989; Hata et
'
al” 1 98)･ Sin c eithasbeen establishedthat stim ulatio n ofpr o stan oid
r e c epto rs c au s ed c o山r actio n in the guin e apig ile u m(Sa m etz et al., 2000),
pr o staglandin-like c o mpo u nds m ay be inv olv ed in [6]-ginge r ol-indu c ed co ntr a ctio n.
Ho w e v e r
,[6]-ginge r olis r eportedto be aninhibitor ofpr o staglandin synthetas eand
5-1ipo xy gena se in vitr o(Kiu chiet al. , 1992; Guh et al. , 1 995). As tre atm ent with
indo m etha cin did n ot m odifythe c o ntr a ctioninduc ed by[6]-ging?r ol, the eBbcts of
[6]-gingerol didn otappe artobedu etopr o staglandin(s)fo rm atio n.
I V4･j･ Po ssibleintera ctio nto c aps aicin-s ensitive ne uro nsbylafutidine
Lafutidin eis a n e wtype antago nist ofhista min eH2 re CePtO r S(Shibata et al., 19 93;
Onoder a et all , 195)･ Se v e ral studie s in cluding our s s uggested tha土 the
c aps aicin-s e n sitiv e n eur o n s ar ein v olv ed inthe gastr o十pr Ote Ctio nindu c ed bylafutidin e
in viv o(On ode r a et all , 1995;Um eda et al. , 1 999;Kato et al. , 2000;Ya m am oto et all
20 01)･ In the pre s e nt study, tre atm ent oftheis olated ileum preparation with 1LLM
lafutidin e, which alo n e show ed n o effe ct, enhan c ed the 3 LLM c aps aicin -indu c ed
c o ntr a ctio n･ The e nhanc e m ent ofthe c aps aicin re spo n seindu ced bylafutidin e w a s
abolished bytetrodotoxin a nd by atropin e･ Onode ra et al.(1995)als orepo rtedthat the
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gastro -pr ote ctiv e.effe ct oflafutidin ein r ats w a sde c r e a s ed byintr a
- arterial infu sio n of
tetr odoto xinin vivo･ Treatm e nt withlqfutidin e athighe r c o n c e ntr ation s(100pM ?nd 1
m M) sho w ed a pheno m ena similarto de s e n sitiz atio n;inhibito n ofthe c o ntr a ctio n
indu c ed by 3 pM caps aicin･ Fam otidin ehad n o efFe ct o nthe c apsaicin re spo n s e･ T he
additon of30 pM lafutidin e alo n edid n ot stim ulate [
3H]choline r ele a s efr o mthe
prelabeled slic e s of the ile u m, but c o- addit o n of lafutidin e inhibited the
c aps aicin -induced[
3
H]cholin e r el as e･ A ltho ughthe r e a s ons are notcle a r atpr e se nt,this
obs e rv atio n m aybein r e王atio ntothe de s e n sitiz atio n. T he present studyisthefirst to
repo rt the iz w olv e m e nt of the c aps aicin-s e n sitiv e n e u ron s a nd/o rpathw ay o n the
re spo n s eindu c edbylafutidin ein vitr o(inis olatedpr epar atio n),to o u rkno wledge.
IV4･4･ Su m m a ry a ndpr oble m stobedete r min ed
Re c e ntly, Dedo v et al. (2002)repo rtedthat[6]-ginger ol e v okedintr a c ellularCa2
'
tr an sie ntsin r atdor s alr o otganglio n n e ur on svia VR l. Inthepr e s e ntstudy,[6]-ginge r ol
at c o n c e ntr atio n sgr e ate rthan 30 pM alo n eindu c ed c o ntr a ctio n ofthe ile u m via
a ctiv atio n ofv anilloidr e c eptors･ Tr eatm e nt with[6]-ginge r olo rlafutidin edepe ndingo n
their c o n c e ntr ation s sho w eddualeffe cts o n c aps aicin -indu c ed c o ntr a ctio n oftheile um;
stim ulatio n at low er c o n c entration s and inhibitio n at higher c o n c e ntr atio n s･ Ou r
c o n clu sio n is that both [6]-ginger ol and lafutidin e ha v e s o m einte r a ctio n s with
c apsaicin-sensitiv en eur o n s a nd/o rv aniloidr e c epto rs andthu s r egulatethe contra ction
viaAChrele aseinis olatedgu l n e aplgile u min vitr o.
Pharm a c ologic al e vide n c e s ug ge stedthe e xiste n c e ofv aniloid re c epto rs ubtype s
with distin ct char a cteristic s(Ac s et al. , 197), and a ho m olog of VR Iw a s clo n ed
(Cate rin a et all , 199)･ [6]- G inger ol andlafutidin e m ayinter act withthe s eputativ e
ho m ologs of VR l･ Spe cific ally, the m ole c ular m e cha nis m cla rifying ho wlafutidin e
r egulate sthe c aps aicih-s e n sitiv epathw ayr e m ain stobe clarified. So m e n atu r alpr odu cts,
which ar e u sed e xte n siv ely in indige n o u s m edicin e, ar epropos ed as n o v eトtype
v a niloidre c epto r ago nists, andthe s e c o mpo unds m ay be u sefulfo rde v elopm e nt of
ligands ofv a nilloidr e c epto rs(Ste m er and Sz allasi, 199). Further studie s o n s c r e e ning
andide ntific ation ofn atu r alpr odu cts and/or e ndoge n ous c o mpo u ndsthat c a n r egulate
the fun ctio n s ofv aniloidr e c eptor s ar e curr entlyinpr ogre ssin o u rlabo r ato ry.
- 6 2-
ConeludingRem a rks
In this study, Ir e ve aledthatboth v aniloids and c a n n abin oidsindu c ed ar a chido nic
a cidr ele a se a ndpro staglandin fo r m atio nin P C 12 c ells. The ar a chido nic acidrelea s e
w as m ediatedby cyto s olicpho spholipas eA2, Probablycyto s olicpho spho)ipa seA2α. It
is spe c ulatedthat a ctiv atio n ofcyto s olic pho spholipa seA2by e ndoge n o u s v anilloids
andc a n n abin oids m ay c o ntr ol inflam m atio n a ndpalm S e n s atio n.
Va nilloids s u ch as c aps aicin activ ate cyto s olic pho spholipa s eA2in PC12c ellsby
the m e cba nis m sthat ar epr opo s ed asfわllo w s:I) C叩S aicin stim ulate sV R lthatis
e xpre s s ed in PC12c ells･ Activatio n of V R lindu c es anin c r e a sein cyto s olic Ca
2＋
con ce ntr atio n s
,
r e s ulting in the activ atio n of cyto solic pho spholipas eA2. 2) The
activatio n of cyto s olic pho spholipa s eA2 m ay be du eto adir e ctly inter actio n of
capsaicin o r an and amide withcyto s olicpho spholipa s eA2･ The a s s o ciatio nofc aps aicin
or a n a nd amide withcyto s olicpho spholipas eA2 atitsCaL Bdo m ain m aybe a sign al fo r
its a ctiv atio n.
Ipr opo s ethe n ew hypothe sis that activ atio n of Srcfamilytyr o sin ekin as e s may
regulatethe a ctivity ofcyto s olicpbo spbolipas eA2αinthepre s e ntstudy･ Ca m abin oids
s uch asHU21 0a ctiv ate cyto s olicpho spholipas eA2αin P C 12c ellsbythepathw aythat
is e xpe ctedasfollo w s :HU 210a ctiv ate s c a n nabin oid C B lre c eptorthatis e xpre s s ed in
PC 12c ells･ Activ atio n of C B lr e c epto r s ubs equ e ntly a ctiv ate sSr cfa milytyr o sin e
kin as e sI The nthe activated Srcfamilytyr o sin ekina s e s a ctiv ate cytos olicpho spholipa s e
A2α･ It r e main sto be s olv ed whethe r a ctivatio n of Sr cfamily tyr o sine kin as e s
pho sphorylate cyto s olicpbospholipa s eA2αdir e ctly o r n ot.
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